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= THE 
UNPROTECTED EYE 
THAT WAS 
~~ “PROTECTED” - 
WITH TAPE. 











After tape removal, corneal damage is not After fluorescein staining, the green band de" 
evident on gross inspection. eates area of epithelial injury. 


Corneal abrasion ...the most common ocular been used as an added precaution before the 
complication of general anesthesia. ?"It is pain- tape was applied. 

ful, may progress to inflammation of the uveal 
tract, and in the presence of contamination may 
lead to a serious infection!" 


Lacri-Lube. The first sterile, nonmedicated 
ophthalmic ointment designed solely to lubri- 
cate the eye and protect it against the risk of 


This patient's eyes were taped shut and chemical insult, dehydration, or corneal 
monitored throughout a surgical procedure nn -- 
that lasted several hours. No ocular lubricant 

was used? The cause of the corneal abrasion Whether you tape or not, make Lacri-Lube 


is unknown...but it might have been prevented a part of your standard procedures to minir 
if Lacri-Lube® sterile ophthalmic ointment had the risks of general anesthesia. 


LACRI-LUBE 


pm sterile ophthalmic ointment 


IT'S EXTRA INSURANCE. 


References: 1. Snow, J. C. et al: Corneal Injuries During General Anesthesia Anesthesia and Analgesia 54:465 (Jul-Aug) 1975. 2. Terry H.R. et al 
v' — Untoward Ophthalmic and Neurologic Events of Anesthesia, Surg Clin N Amer 45.927 1965. 3. Data on file, Allergan Pharmaceuticals 
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| Selected cases for Ketalar 


There are certain situations where 
the advantages of Ketalar suggest 
its serious consideration. Four such 
hypothetical situations are 

detailed here. - 

A fifth hypothetical case illustrates 
a situation in which Ketalar 
probably should be used only 

with caution. 


advancement in xo Ketalar 





Geriatric surgical 
procedure 


Ketalar offers advantages in minor 
rectal surgery on elderly patients. 
When properly administered, Ketalar 
usually does not depress the 
patients blood pressure or pulse 
rate, which can be a distinct 
advantage with any patient who is 
likely to develop hypotension. 
Further, emergence reactions 
normally are not a problem with 
patients in the older age group 
(over 65). 


anesthesiology ex (Ketamine HCI injection) 


Parke-Davis 





Brief summary of prescribing information. 


SPECIAL NOTE 


EMERGENCE REACTIONS HAVE OCCURRED 
IN APPROXIMATELY 1296 OF PATIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS 
VARY IN SEVERITY BETWEEN PLEASANT, 
DREAMLIKE STATES; VIVID IMAGERY, 
HALLUCINATIONS, AND EMERGENCE 
DELIRIUM. IN SOME CASES, THESE STATES 
HAVE BEEN ACCOMPANIED BY CONFU- 
SION, EXCITEMENT, AND IRRATIONAL 
BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. 
THE DURATION ORDINARILY LASTS NO 
MORE THAN A FEW HOURS; IN A FEW 
CASES, HOWEVER, RECURRENCES HAVE 
TAKEN PLACE UP TO 24 HOURS POST- 
OPERATIVELY. NO RESIDUAL PSYCHO- 
LOGICAL EFFECTS ARE KNOWN TO HAVE 
RESULTED FROM USE OF KETALAR. 


THE INCIDENCE OF THESE EMERGENCE 
PHENOMENA IS LEAST IN THE YOUNG (15 
YEARS OF AGE OR LESS) AND ELDERLY 
(OVER 65 YEARS OF AGE) PATIENT. ALSO, 
THEY ARE LESS FREQUENT WHEN THE 
DRUG IS GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF 
VERBAL, TACTILE, AND VISUAL STIMULA- 
TION OF THE PATIENT IS MINIMIZED DUR- 
ING THE RECOVERY PERIOD. THIS DOES 
NOT PRECLUDE THE MONITORING OF 
VITAL SIGNS. IN ADDITION, THE USE OF A 
SMALL HYPNOTIC DOSE OF A SHORT- 
ACTING OR ULTRASHORT-ACTING BAR- 
BITURATE MAY BE REQUIRED TO TERMI- 
NATE A SEVERE EMERGENCE REACTION. 

* THE INCIDENCE OF EMERGENCE REAC- 
TIONS IS REDUCED AS EXPERIENCE WITH 
THE DRUG IS GAINED. 


WHEN KETALAR IS USED ON AN OUT- 
PATIENT BASIS, THE PATIENT SHOULD 
NOT BE RELEASED UNTIL RECOVERY 
FROM ANESTHESIA IS COMPLETE AND 
THEN SHOULD BE ACCOMPANIED BY A 
RESPONSIBLE ADULT. 


~n 
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INDICATIONS 


Ketalar (ketamine HCI injection) is 
recommended: 


1. as the sole anesthetic agent for diagnostic 
and surgical procedures that do not require 
skeletal muscle relaxation. Ketalar is best 
suited for short procedures but it can be 
used, with additional doses, for longer 
procedures; 


2. for the induction of anesthesia prior to 
the administration of other general 
anesthetic agents; 


3. to supplement low-potency agents, such 
as nitrous oxide. 


CONTRAINDICATIONS 

Ketamine hydrochloride is contraindicated 
in those in whom a significant elevation of 
blood pressure would constitute a serious 
hazard and those who have shown hyper- 
sensitivity to the drug. 


WARNINGS 


1. Ketalar should be used by or under the 
direction of physicians experienced in ad- 
ministering general anesthetics and in main- 
tenance of an airway and in the control of 
respiration. 


2. Cardiac function should be continually 
monitored during the procedure in patients 
found to have hypertension or cardiac 
decompensation. 


3. Barbiturates and Ketalar, being chemically 
incompatible because of precipitate forma- 
tion, should not be injected from the same 
syringe. 

4. Prolonged recovery time may occur if 
barbiturates and/or narcotics are used 
concurrently with Ketalar. 

5. Postoperative confusional states may 
occur during the recovery period. 

6. Respiratory depression may occur with 
overdosage or too rapid a rate of administra- 
tion of Ketalar, in which case supportive 
ventilation should be employed. Mechanical 


- 
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Severely burned 
patients 


Patients with severe burns —and 
particularly children—are often 
excellent cases for Ketalar. In 
children, Ketalar offers rapid surgical 
anesthesia (generally within three to 
four minutes) at a range of 9 to 

13 mg/kg, with the effect lasting from 
12 to 25 minutes (the time intervals 
are for IM, not IV). Intramuscular 
administration avoids the possible 
difficulty in locating the vein in burn 
patients (particularly helpful in 
children where the veins are small). 
IM administration is also convenient 
and effective for repeated short-term 
anesthesia for such procedures as 
changing burn dressings, and skin 
grafts. 


support of respiration is preferred to 
administration of analeptics. 


Usage in Pregnancy 


Since the safe use in pregnancy, including 
obstetrics (either vaginal or abdominal 
delivery), has not been established, such 
use is not recommended. 


PRECAUTIONS 


1. Because pharyngeal and laryngeal reflexes 
are usually active, Ketalar (ketamine HCI 
injection) should not be used alone in surgery 
or diagnostic procedures of the pharynx, lar- 
ynx, or bronchial tree. Mechanical stimulation 
of the pharynx should be avoided, whenever 
possible, if Ketalar is used alone. Muscle 
relaxants, with proper attention to respiration, 
may be required in both of these instances. 


2. Resuscitative equipment should be ready 
for use. 


3. The incidence of emergence reactions 
may be reduced if verbal and tactile stimula- 
tion of the patient is minimized during the 
recovery period. This does not preclude the 
monitoring of vital signs (see Special Note). 


4. The intravenous dose should be adminis- 
tered over a period of 60 seconds. More rapid 
administration may result in respiratory de- 
pression or apnea and enhanced pressor 
response. 


5. In surgical procedures involving visceral 
pain pathways, Ketalar should be supple- 
mented with an agent which obtunds 
visceral pain. 

6. Use with caution in the chronic alcoholic 
and the acutely alcohol-intoxicated patient. 
7. An increase in cerebrospinal fluid pressure 
has been reported following administration 
of ketamine hydrochloride. Use with extreme 
caution in patients with preanesthetic 
elevated cerebrospinal fluid pressure. 


ADVERSE REACTIONS 


Cardiovascular: Blood pressure and pulse 
rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension 
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Manipulative 
diagnostic procedure 

, Ketalar fa«ilitates diagnostic 
procedures in which the patient must 
be moved freely, and in which the 
maintenance of unaided respiration 
is essential. The pneumoencephalo- 

. gramis an example. Once anesthesia 
is established, the patient can be 
transferred from a supine to an 
apright, supported position with 

! -ase since Ketalar maintains 
adequate unaided respiration, and 
there is minimal relaxation of the 
skeletal muscles. 





Emergency room 


treatment 


A good case for Ketalar can be made 
for use in accident victims with 
unknown medical histories brought 
to the emergency room. In the 
absence of positive medical history, 
Ketalar can be a useful agent 
because of its wide margin of safety. 
Consideration should be given to 
the effects of a significant increase 
in blood pressure, hypersensitivity 
to the drug, and an elevation in 
cerebrospinal fluid pressure. Ketalar 
also provides the benefit of rapid 
onset, and decreases the chance of 
aspiration because of active laryn- 
geal-pharyngeal reflexes. 


A caution: 


Caution should be exercised when 
administering Ketalar to patients 
who are known to be alcoholics or 
who are acutely alcohol-intoxicated 
as such patients may be prone to 
untoward reactions. 


——————— — —— — — ———————————, 


and bradycardia have been observed. 
Arrhythmia has also occurred. 


Respiration: Although respiration is fre- 
juently stimulated, severe depression of 
2spiration or apnea may occur following 
apid intravenous administration of high 

doses of Ketalar (ketamine HCI injection). 

Laryngospasms and other forms of airway 

obstruction have occurred during Ketalar 

anesthesia. 


Eye: Diplopia and nystagmus have been 
noted following Ketalar administration. It 
also may cause a slight elevation in intra- 
ocular pressure measurement. 


2sychological: (See Special Note). 


leurological: In some patients, enhanced 
skeletal muscle tone may be manifested by 
tonic and clonic movements sometimes 
resembling seizures (see Dosage and 
Administration). 


3astrointestinal: Anorexia, nausea and 
:omiting have been observed; however this 
s not usually severe and allows the great 
raajority of patients to take liquids by mouth 
shortly after regaining consciousness 

(see Dosage and Administration). 


General: Local pain and exanthema at the 
injection site have infrequently been re- 
ported. Transient erythema and/ or morbilli- 
form rash have also been reported. 


DOSAGE AND ADMINISTRATION 

Preoperative Preparations: 

+. While vomiting has been reported following 

«etalar administration, airway protection is 

^"sually afforded because of active laryngeal- 

pharyngeal reflexes. However, since these 

r: flexes may also be diminished by supple- 

mentary anesthetics or muscle relaxants, the 
ossibility of aspiration must be considered. 
<etalar is recommended for use in the 
»atient whose stomach is not empty when, in 
he judgment of the practitioner, the benefits 
f the drug outweigh the possible risks. 


. Atropine, scopolamine, or other drying 
gent should be given at an appropriate 
nterval prior to induction. 


Dosage 


As with other general anesthetic agents, the 
individual response to Ketalar (ketamine HCI 
injection) is somewhat varied depending on 
the dose, route of administration, and age of 
patient, so that dosage recommendation 
cannot be absolutely fixed. The drug should 
be titrated against the patient's requirements. 


Onset and Duration: 


Because of rapid induction following the 
initial intravenous injection, the patient 
should be in a supported position during 
administration. 


The onset of action of Ketalar (ketamine HCI 
injection) is rapid; an intravenous dose of 2 
mg/kg (1 mg/Ib) of body weight usually 
produces surgical anesthesia within 30 
seconds after injection, with the anesthetic 
effect usually lasting five to ten minutes. If a 
longer effect is desired, additional increments 
can be administered intravenously or 
intramuscularly to maintain anesthesia with- 
out producing significant cumulative effects. 


Intramuscular doses, from experience pri- 
marily in children, in a range of 9 to 13 mg/ kg 
(4 to 6 mg/Ib) usually produce surgical 
anesthesia within three to four minutes 
following injection, with the anesthetic effect 
usually lasting 12 to 25 minutes. 


Induction: 


Intravenous Route: The initial dose of Ketalar 
administeréd intravenously may range from 
1 mg/kg to 4.5 mg/ kg (0.5 to 2 mg/Ib). The 
average amount required to produce five to 
ten minutes of surgical anesthesia has been 
2 mg/kg (1 mg/ Ib). 

NOTE: The 100 mg/ml concentration 

(S-V 1585) of Ketalar, should not be injected 
intravenously without proper dilution. It is 
recommended the drug be diluted with an 
equal volume of either Sterile Water for 
Injection, USP, Normal Saline, or 5% 
Dextrose in Water. 

Rate of Administration: It is recommended 
that Ketalar be administered slowly (over a 
period of 60 seconds). More rapid adminis- 


tration may result in respiratory depression 
and enhanced pressor response. 


Intramuscular Route: The initial dose of 
Ketalar administered intramuscularly may 
range from 6.5 to 13 mg/kg (3 to 6 mg/ Ib). 
A dose of 10 mg/kg (5 mg/Ib) will usually 
produce 12 to 25 minutes of surgical 
anesthesia. " 


Maintenance of Anesthesia: 

Increments of one half to the full induction 
dose may be repeated as needed for mainte- 
nance of anesthesia. However, it should be 
noted that purposeless and tonic-clonic 
movements of extremities may occur during 
the course of anesthesia. These movements 
do not imply a light plane and are not indica- 
tive of the need for additional doses of the 
anesthetic. 

It should be recognized that the larger the 
total dose of Ketalar (ketamine HCI injection) 
administered, the longer will be the time to 
complete recovery. 

Supplementary Agents: 

Ketalar is clinically compatible with the 
commonly used general and local anesthetic 
agents when an adequate respiratory 
exchange is maintained. 

HOW SUPPLIED 

Ketalar is supplied as the hydrochloride in 
concentrations equivalent to ketamine base. 
N 0071-4581-15—Each 50-ml vial contains 

10 mg/ml. Supplied in cartons of 10. 

N 0071-4581-12—Each 20-ml vial contains 

10 mg/ml. Supplied in cartons of 10. 

N 0071-4582-10—Each 10-ml vial contains 

50 mg/ml. Supplied in cartons of 10. 

N 0071-4585-08—Each 5-ml vial contains TON 
100 mg/ml. Supplied in cartons of 10. SG 


PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
PD-JA-1839-2-P (8-76) Detroit, Michigan 48232 
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NARCOTIC 
ANESTHESIA 


e Despite many advantages, the 
use of opioids to supplement 
nitrous oxide anesthesia may 
be associated with significant 
postoperative depression. 


NARCAN* 
(naloxone HCI) 

e Narcan® in sufficient doses will 4 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


e [he degree of narcotic 
antagonism exhibited by 
NARCAN® is dose dependent. 4 


A recent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depression 
and maintain a subjective 
level of analgesia. 


THE OBJECTIVES: 


e Hestore consciousness 


e Reverse narcotic-induced 
respiratory depression as 
evidenced by PaCO; 


e Maintain subjective analgesia . 


THE METHOD: 


e 12 unpremedicated patients 
received INNOVAR® (fentanyl/ 
droperidol) 5-10 ml I. V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with N20-0». 
Increments of 0.1 mg fentanyl 
were given I.V. every 10 
minutes during surgery. 


Following the procedure, , 

TT naloxone (0.1 mg/ml) was 
given in 0.1 mg I. V. increment 
at 1 minute intervals until the 
patient was awake, lucid and 

1. Heisterkamp DV, Cohen PJ: Anesth Analg (Cleve) 53:12-18, Jan-Feb 1974 Nad adequate tidal and minute 

NARCAN" is an Endo registered U.S. trademark: U.S. Pat. 3.254.088 : volumes. Additional naloxone 





ee 
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was given I. V. as needed in the THE RESULTS . reverses all degrees of 

first 6 pat [d a T (morphine group): narcotic-induced respiratory 
supplemental | naloxone l M. morphine, an I. M. dose of e does not cause narcotic-like 
"Ww p inutes after the initial naloxone equal tothe I.V. dose effects 

V. GOSE. ars appropriate” 

11 patients received 10 mg PISAR e does not augment non- 

d ie GCeIV C ARTERIAL CARBON DIOXIDE TENSIONS narcotic depression 
morphine .M.. as well as Seco- MEANS NOUS AND INTRAMUSCULAR. : NE 
barbital and atropine. 115 hours _ NALOXONE TO ANTAGONIZE MORPHINE — * acts rapidly —generally within 


2 minutes following I. V. use 
and slightly less rapidly when 
given I. M. 


preoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly I. V. followed by 
thiopental and was maintained 
by N20-02. Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 
first hour. Further morphine 


rum. 


(TORR 


e does not lead to tolerance 


e does not produce psychoto- 
mimetic effects or pupillary 
constriction 


ARTERIAL CARBON DIOXIOE 
TENSION 





y i : Controls MÀ a E i20. 3090. 380 Pp PAG p» >»? 

was given as needed. For TIME (MINUTES! FROM INTRAVENOUS e can be repeated if initial dose 
initial narcotic reversal. ADMINISTRATION OF NALOXONE doesn't produce desired 
naloxone was given asabove Pezcereeees eene nui" —— degree of narcotic reversal 
except at 2 minute intervals. and improvement in respira- 
Supplemental naloxone was tory function 
given I.M. 30 minutes later. THE mm i 

e “Naloxone provides fast, e following satistactory re- 
THE RESULTS potent.andreliableantagonism Sponse patient should be 
(fentanyl group): to narcotic-induced respiratory observed closely and given 

on repeat doses, if necessary, 

e When fentanyl was usedasthe — GEPFEssi© 
ON E pe a T since the duration of action of 
sole narcotic Supp emen e y Carelu titratio n. t iS an ag- some narcotics may exceed 
during anesthesia, an I. M. dose onism can be achieved while that of NARCAN* 
of naloxone equal to half the acceptable analgesia IS 
|. V. reversal dose and given 7? maintained. Please see next page for com- 
hour later provided adequate, «Both morphine and fentanyl plete prescribing information. 


narcotic reversal. groups had adequate anal- 


antenat CARBON DIOKIDE TENSIONS — gesia. with Only 2 patients d Endo Laboratories, Inc. 
an total 21] requiring pain rear Subsidiary of E1. du Pont de Nemours & Co. (Inc.) 
st —— cation in the recovery room. Garden City, N.Y. 11530 
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ANESTHESIA and ANALGESIA . . . Current Researches 


can reverse narcotic-induced respiratory depression 


while maintaining subjective analgesia 


NARCAN 


naloxone HCl) | 





( 


DESCRIPTION NARCAN® {naloxone hydrochloride), a narcotic antagonist, is a synthetic congener 
of oxymorphone. in structure it differs from oxymorphone in that the methy! group on the nitrogen 
atom is replaced by an ally! group. i 

H: CH=CH, 


Eey 


HO 


HEI 


HO © o 


NALOXONE HYDROCHLORIDE 
(N-allyl-nor-oxymorphone HCI 


Naloxone hydrochloride occurs as slightly off-white Crystals, and is soluble in water, slightly solu- 
ble in alcohol and practically insoluble in ether. 


NARCAN* (naloxone hydrochloride) injection is available in two concentrations. 0.02 mg and 0.4 
mg of naloxone hydrochioride per mt. Each mi of either strength contains 8.6 mg of sodium chio- 
ride; and 2.0 mg of methylparaben and propyiparaben as preservatives in a ratio of ota 1. pH is 
adjusted with hydrochloric acid. 


ACTIONS NARCAN* (naloxone hydrochloride) is an essentially pure narcotic antagonist. re. dt 
does not possess the “agonistic or morphine-like properties characteristic of other narcotic 
antagonists; NARCAN* (naloxone hydrochloride) does not produce respiratory depression, psycho- 
tomimetic effects or pupillary constriction. In the absence af narcotics or agonistic effects of 
other narcotic antagomsts it exhibits essentially no pharmacologic activity. 


in the presence of physical dependence on narcotics NARCAN* (naloxone hydrochloride) wil — 
produce withdrawal symptoms; it has nof been shown to produce tolerance nor to cause physical 
or psychological dependence. 


When NARCAN* {naloxone hydrochloride) is administered intravenously the onset of action is gen- 
erally apparent within two minutes; the onset of action is aniy slightly less rapid when it is 
administered subcutaneously or intramuscularly. The duration of action is dependent upon the 
dose and route of administration of NARCAN* inatoxone hydrochloride). intramuscular adminis- 
tration produces a more prolonged effect than intravenous administration. The requirement for 
repeat doses of NARCAN* (naloxone hydrochloride), however. will also be dependent upon the 
amount, type and route of administration of the narcotic being antagonized. 


INDICATIONS NARCAN® {naloxone hydrochloride) is indicated for the com plete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic narcat- 
ics, propoxyphene and the narcotic-antagonist anaigesic perlazocine, 

NARCAN* (naloxone hydrochloride? is also indicated tor the Ciagnosis of suspected acute opiate 
overdosage. 


CONTRAINDICATIONS NARCAN* (naloxone hydrochloride) is contraindicated in patients known to 
be hypersensitive to it. 


WARNINGS NARCAN® (naloxone hydrochloride) should be administered cautiously fo persons 
including newborns of mothers who are known or suspected to be physically dependent on 
opioids. in such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome, 


The patient who has satisfactorily responded to NARCAN® (naloxone hydrochloride) should be kept 
under continued surveillance and repeated doses of NARCAN* {naloxone hydrochloride) shouid be 
administered, as necessary. since the duration of action af some narcotics may exceed that of 
NARCAN® (naloxone hydrochloride). 
NARCAN® (naloxone hydrochloride) is not effective against respiratory depression due to nom- 
opioid drugs. 
Usage in Pregnancy Sale use of NARCAN* (naloxone hydrochloride) during pregnancy other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 
or other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY}. However, NARCAN* 
(naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 

" PRECAUTIONS In addition to NARCAN* (naloxone hydrochloride), other resuscitative measures 
such as maintenance of a free airway, artificial ventilation, cardiac massage. and vasopressor 
agents should be available and employed when necessary to counteract acute narcotic porsonmg. 


in an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, and 


either isoproterenol or epinephrine tor hypotension following cardiopulmonary bypass procedures, 
developed ventricular tachycardia or fibrillation when given NARCAN* (naloxone hydrochloride! 
iV. at 8 and 14 hours, respectively, postoperatively for persistent unresponsiveness. Although 2 
direct cause and effect relationship has not been established, NARCAN* (naloxone hydrochloride) 
shouid be used with caution in patients with cardiac frit bility, A 
ADVERSE REACTIONS in rare instances nausea and vomiting have been reported in postoperative 
patients receiving NARCAN® (naloxone hydrochloride) in doses higher than thal recommended: a 
cause and effect relationshin has not been established 


DOSAGE AND ADMINISTRATION NARCAN® (naloxone hydrochloride) may be administered intra 
ously, intramuscularly, or su beolaneausly. The most rapid onset of action is achieved by = 
intravenous administration and it is recommended in emergency situations. 


Since the duration of action of some narcotics may exceed that of NARCAN* (naloxone hydrachio- 
nde) the patient should be kept under continued surveillance and repeated doses of NARCAN* 
(naloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose — Known or Suspected The usua! initial adult dase is D4 
me CL mb NARCAN® (naloxone hydrochloride) admimstered LV. 1M or S.C. if the desired degree 
of counteraction and improvement in respiratory function is nat abtained immediately fotiewing 

! V administration, it may be repeated intravenously at 2 to 3 minute intervals. Failure to obtain 
signiicant improvement after 2 or 3 doses suggests that the condition may be due partly or comt- 
pletely to other disease processes or non-opioid drugs. 

Post Operative Narcotic Depression For the partial teversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN” (naloxone hydrochloride} are asually 
sufficient. The dose of NARCAN* (naloxene hydrochloride) should be titrated according to the 
patient s response, Excessive dosage of NARCAN* {naloxone hydrochloride) may result in signifi- 
cant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
inguce nausea, vomiting. sweating or tachycardia. 

Fer the initial reversal ol respiratory depression, NARCAN® {naloxone hydrochtoride) should be 
mjected in inceements af 0.1 t 

desired degree of reversal ne. 

comfort, 

Repeat doses of NARCAN* (naloxone hydrachloride) may he required within one to two hour inter- 
vals depending upon the amount, type ie. short or long acting) and time interval since jas! 
administration of narcotic. Supptemental intramuscular doses have been shown to produce a 
tonger lasting effect. 

USAGE IN CHILDREN Narcotic Overdose — Known or Suspected The usual initial child dose is 

Q.01 mg/kg body weight gives LY, 1M ar S C. This dose may be repeated in accordance with the 
adult administration guideline. 1f necessary. NARCAN* (naloxone hydrochloride) can be diluted 

with sterile water for injection. 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg: kg body E d 
weight administered LV, 1M. or S.C. This dose may be repeated in accordance with adult d 
administration guidelines. 

HOW SUPPLIED 0.4 mg/ml of NARCAN® (natoxone hytdrachioride) for intravenous. intramuscular 
and subcutaneous administration. 

Available in 1 mí ampuis in boxes of 10 and 100. 

0.07 mg: ml of NARCAN® (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra- 
muscular and subcutaneous administration. 

Available i 2 mi ampuls in boxes of 10 and 100 ampuls. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY In the mouse and rat the intravenous LDse is 150 85 





002 mg intravenously at two to three minute intervals to the 
. adequate ventilation and alertness without significant pain or dis- 


the LDso (95% CL) is 260 (228-296) mg; kg. Subcutaneous injection of 100 marke day in tats for 


Reproductive studies including fertility. general reproductive performance. embryotoxicity, terg- 
togentcity, and lactation did not show any abnormality in mice aad rats at 10 meg ke day. 


NARCAN™ (naloxone hydrochloride) Ampuls 
Stacked in Military Depot, NSN 6505-00-079-7867 


€ndo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 


Spinal Anesthesia Iray 


New Splash Shield... Eliminates . 
Procedural Component Contamination 





GRITY Spinal Anesthesia Tray...now, All components are sequentially packaged 






vith new splash shield! No procedural com- for the optimum in efficiency, guaranteeing 

— ponent contamination. And no trouble view- maximum asepsis and better patient safety. All 

e» ing components...the splash shield is crystal in the CURITY Spinal Anesthesia Tray... 
clear protective plastic. another new horizon in CCIRITY diagnostics. 


Nine separate trays fulfill virtually every 
physician need. A choice of two spinal needle 
gauges with stylets, both sharpened together 
for a smooth fit, is provided. A unique patented 
fenestrated drape, made of high quality draping 
material, has two large adhesive tabs to guar- 
1ntee a secure hold. 1% Xylocaine,'" the local 


vesthetic preferred by physicians, is included INNOVATORS IN PATIENT CARE . 


very tray. © 1976. The Kendall Company, One Federal Street, Boston, Ma., 02110 
= 
e». 


Xylocaine is Astra Pharmaceutical's Trademark for Lidocaine Hy- 
drochloride. 





The Pressurveil Disposable 
Blood Pressure Monitoring 





System Can Go Wherever 





The Patient Goes. 
WHERE YOU NEED IT. 





And provide direct 

blood pressure surveillance 
continuously. 

V The Concept? Pressurveil system is a 
versatile, easy-to-use system for monitoring 
mean arterial, central venous, pulmonary 
mean or pulmonary wedge pressures. Use it 
to monitor patients in the emergency room, 
ICU, operating room or recovery room. In 
fact, use it anywhere blood pressure 
monitoring is required and you'll find it 
provides quick, accurate, continuous 

blood pressure readings when you 

need them. 


A Complete or Interface System: 
Its Up To You. 


As a complete system, the sterile, single-use 
Pressurveil system provides complete blood 
pressure monitoring. It is small and 


self-contained, allowing it to be affixed to the 


patient's arm or IV. stand. Pressure readout 
is obtained in a matter of seconds with no 
warmup time or transducer calibration 
required. 


As an interface system (without gauge), the 


system's sterile, disposable Pressure Transfer 


Unit may be used to 
isolate the patient 
from an electronic 
transducer. Use of the 
Pressure Transfer 
Unit eliminates the 
need for sterilizing an 
electronic transducer. 
It also helps prevent 
. potentially hazardous 
shocks from faulty 
lectronic equipment. 





WHEN YOU NEED IT. 


A complete or interface system .. . it depends 
on your needs. 


For Patient Safety. 


The Pressurveil system is a completely 
closed system which minimizes the 
possibility of pathogenic contamination. All 
system components exposed to direct 
contact are sterile and disposable, reducing 
the risk of cross contamination. And since 
the system needs no electric power, there's 
no chance of electric shock. 


A Universal System. 


The Pressurveil system is truly a universal 
pressure monitoring system. Use it complete 
or as an interface system. Use it to measure 
mean arterial, central venous, pulmonary 
mean or pulmonary wedge pressures. Use it 
to monitor patients anywhere, even while 
transporting them. And use it to safeguard 
patient safety. 


When used correctly, it'll always provide 
quick, accurate, continuous blood pressure 
readings economically. 


For complete information on the Concept 
Pressurveil system, write or call: Concept, Inc 
12707 U.S. Highway 
19 South, Clearwater, 
Florida 33516 

(813) 536-2791. 
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Take the Excessive Anxiety» Anesthesia 
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the anxiety that may complicate premedication, 


induction and recovery room emergence. 
.. [t has no clinically significant depressant 
effects on respiratory or circulatory function 
and often reduces postoperative emesis. 

Vital signs are seldom impaired. Involuntary 
motor activity, including rare instances of 
tremor and convulsions, has been reported, 


VisTarill. M. 


(hydroxyzine HC 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. Vials and D D 
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And, because it may enhance the effect of 
injectable analgesics, requirements of narcotic 
and nonnarcotic analgesics, such as meperidine, 
morphine sulfate and pentazocine, should 
be reduced. 

Vistaril I.M. is physically compatible with 
most commonly used analgesics, and can be 
mixed with them in the same syringe. 

Alone, or as an adjunct for use with injectable 
analgesics, the maximum recommended dosage 
of Vistaril I.M. is 100 mg. Because of Vistaril 
I.M.’s potentiating effect on narcotics, when 
it is used concomitantly with 
these agents,their dosages may be Pfizer 
reduced as much as 50 per cent. LABORATORIES 
DIVISION 


PFIZER INC 
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hydroxyzine HCI) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects* 





Calm 





Before Anesthesia... In Recovery | 
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Brief Summary 

VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central nervous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the thigh.. 
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In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in order 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults and 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be mace in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitory 
and may disappear in a few days of continued therapy or upon dosage 
reduction. Dryness of the mouth may occur with higher doses. Involun- 
tary motor activity, including rare instances of tremor and convulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCI) Intramuscular Solution: 25 mg./ml.— 
10 ml. vial; 50 mg./ml.—2 ml. and 10 ml. vial; Isoject®, 25 mg./ml. and 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) 

VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 ml. vial) 


More detailed professional information available on request. | 
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PEOPLE 
and 
PLACES 


The American Society of Regional Anesthesia (Surgery, Obstetries and Pain 
Control) will hold its 2nd Annual Meeting, March 10-11, 1977, at the Diplomat 
Hotel, Hollywood, Florida. 


The American Society of Regional Anesthesia's interim meeting will be held, 
June 19-21, 1977, in Copenhagen, Denmark. 


For further information write: The Institute for Continuing Education, 2405 
Westwood Avenue, Richmond, Virginia. 


* * * 


The Scandinavian Society of Anaesthesiologists’ Postgraduate Course and Con- 
gress will be held June 22-July 2, 1977, Uppsala, Sweden. 


* * * 


The Department of Anesthesiology, Mount Sinai Medical Center, Miami 
Beach, Florida, will sponsor the Virginia Apgar Seminars, Obstetric and Pediatric 
Anesthesia on March 25-27, 1977, at the Americana Hotel, Miami Beach, Florida. 


* * X 


The American Society of Anesthesiologists' 8th District Conclave in Anesthe- 
siology, will be held September 8-11, 1977, at Dorado Beach in Puerto Rico. 


The scientific program will pinpoint “Emergency Medical Services and the 
Anesthesiologist.” The featured speaker with a distinguished panel of educators, 
will be Dr. Eugene L. Nagel, Professor and Chairman, Department of Anesthesi- 
ology, Johns Hopkins School of Medicine. 


For further information on the Conclave, address letters of inquiry to F.S.A. 
Executive Office, 3110 First Avenue, North, St. Petersburg, Florida. 





(18) i ANESTHESIA and ANALGESIA . . . Current Researches 


The Canadian Anaesthetists’ Society 28th Annual Meeting will be held in Sas- 
katoon, Saskatchewan, Canada—June 20-23, 1977. 


For further information contact: 


The Secretary, Canadian Anaesthetists' Society, 178 St. George Street, Toron- 
to, Ontario, Canada M5R 2M7. 


* * * 


Winter Management Conference, Principles of Practice Management, spon- 
sored by the Department of Anesthesiology, University of Miami School of Medi- 
cine will be held at the Lion Square Lodge, Vail, Colorado, February 12-19, 1977. 


Management of the Pediatric Surgical Patient, sponsored by the Department 
of Anesthesiology, University of Miami School of Medicine will be presented on a 
Caribbean Cruise aboard S/S Federico C, March 5-15, 1977. 


For information about these conferences contact: Sonja Auxier, Department 
of Anesthesiology, University of Miami School of Medicine, P.O. Box 520875, Bis- 
cayne Annex, Miami, Florida 33152. 


* * * 


The Second International Symposium on Malignant Hyperthermia, sponsored 
by the Department of Anesthesiology and the University of Colorado School of 
Medicine will be held at the University of Colorado Medical Center on April 1, 2, 3, 
1977. For further information write: J. Antonio Aldrete, M.D., University of 


Colorado Medical Center, Box B113, Denver, Colorado 80262. 
* * * 


The First Colorado Anesthesiology Symposium sponsored by the Colorado Soci- 
ety of Anesthesiologists and the Office of Postgraduate Education and the Depart- 
ment of Anesthesiology of the University of Colorado School of Medicine will be 
held at the Broadmoor Hotel in Colorado Springs on July 30-31, 1977. The seminar 
will deal with anesthesiology and the cardiac patient. Further details may be 
obtained from Dr. J. Antonio Aldrete, University of Colorado Medical Center, 
Box B113, Denver, Colorado 80262. 


* * * 


The Spring Meeting of the Obstetric Anaesthetists’ Association in the United 
Kingdom will be held on Friday, April 22, 1977, at the University of Newcastle 
and the Autumn Meeting will be held on Friday, September 16, 1977, at the Royal 
College of Obstetricians and Gynaecologists, London. 

Papers for this latter meeting should be sent not later than May 1, 1977, to: 

Dr. B. Morgan, Institute of Obstetrics & Gynaecology, University of London, 
Queen Charlottes’ Maternity Hospital, Goldhawk Road, London, W. 6. 

The 1978 Spring Meeting will be held on Friday, March 10, in Brussels, Bel- 
gium. Papers for this meeting should be sent not later than November 1, 1977, to: 


Dr. A. Van Steenberge, 11 Vleitjeslaan, 1900 Overyse, Belgium. 
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The Third Annual Conference — ANESTHESIOLOGY 1977 — sponsored by 
the Anesthesiology Educational Foundation and cosponsored by the California So- 
ciety of Anesthesiologists will be held March 14-18, 1977, at Mammoth Lakes, Cali- 
fornia. For additional information contact: Ronald L. Katz, M.D., Professor and 
Chairman, Department of Anesthesiology, UCLA School of Medicine, Los Angeles, 
California 90024. 


* * * 


The Fourteenth Congress of the Pan-Pacific Surgical Association will be held 
April 1-7, 1978, at the Hilton Hawaiian Village Hotel, Honolulu, Hawaii. For de- 
tails write: Cesar B. deJesus, M.D., Pan-Pacific Surgical Association, 236 Alex- 
ander Young Building, Honolulu, Hawaii 96813. 


* * * 


The Los Angeles County Society of Anesthesiologists XXII Annual Postgrad- 
uate Assembly will be held Saturday and Sunday, March 19 and 20, 1977, at the 
Los Angeles Hilton Hotel, 930 Wilshire Boulevard, Los Angeles, California. 


* * * 


The Fourth Neonatal and Infant Respiratory Symposium will be held Febru- 
ary 4 and 5, 1977, at the Hyatt House Hotel, Los Angeles, California, and Febru- 
ary 7, 8, 9, 10, 1977, at the Chateau Roaring Forks, Aspen, Colorado. Co-sponsored 
by: California Society of Anesthesiologists. 


* * * 


The Society of Air Force Anesthesologists will present their 24th Annual 
Anesthesiology Review Course May 23-27, 1977, at the Convention Center, San 
Antonio, Texas. 


* * * 


Current Problems in Intensive Care: Mechanical Ventilation, sponsored by the 
Department of Anesthesia in cooperation with Extended Programs in Medical Edu- 
cation, University of California School of Medicine, San Francisco, will be pre- 
Apa April 28, 29, 1977, in the Stanford Court Hotel, Nob Hill, San Francisco, 

alifornia. 


* * * 
The Clark County Anesthesia Society with the University of Nevada and Sun- 


rise Hospital wil present The First Annual “Desert Dialogues" (Anesthesia-In- 
ternal Medicine Meeting) May 22-27, 19777, at Caesars Palace, Las Vegas, Nevada. 
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TheFOREGGER 910 > 
- «Anesthesia 
Ventilator 


d A fir Products 
FOREGGER 





Your job is complicated enough! You administer 
anesthesia, chart the patient's vital signs, monitor 
blood loss and blood gases, regulate the I.V., and 
much more. In short, you have plenty to do. 
Therefore, you may use an anesthesia ventilator 
to help maintain patient control. 


But adding on a ventilator can mean adding on 
distractions, especially if it requires control 
adjustments for parameters you may not even 
need. And, you can end up settling for a compli- 
cated ventilator arrangement that is inconvenient 
to use. 


So we developed the human-engineered 
FOREGGER 910 Anesthesia Ventilator. Human- 
engineered because it gives you just the ventila- 
tion control you need in a compact, convenient, 
uncomplicated package. And it's built-in. So it's 
accessible, but not in the way. 


oimple to operate. Simple to monitor. Simple to 
clean and maintain. And it's quiet. In addition, the 
910 Ventilator helps control OR pollution with an 
efficient gas collection system. 


For additional information contact your Air 
Products Representative, FOREGGER dealer, or 
write to Air Products and Chemicals, Inc., 
Customer Service Department, 

Box 538 M, Allentown, Pa. 18105. 


Simple to Monitor because built-in, easy-to- 
read gauges show Breaths Per Minute, Tidal 
Volume and Inspiratory Flow ata glance, without 
clock-watching or computing. And the ventilator 
control panel is positioned to give you clear 
visibility and direct control from a comfortable 
working position. 


1. Simple to Operate because it’s built-in and 
requires only five simple steps to initiate and con- 
trol ventilation. Switches from “bag” to ventilator 
at a touch. 


2. Simple to Clean and Maintain because the 
bellows and bellows dome container can be 
easily removed for cleaning, sterilizing and drying 
purposes. And fluidic circuitry minimizes 
maintenance. 


3. Helps to Minimize OR Pollution because 
excess gas is automatically vented into a built-in 
gas evacuator. 





In more than 8 years of 
use in the U.S., 


no liver or kidney toxicity 


has been reported, even 
after repeated 


exposures. 


INNOVAR injection 
makes it possible to avoid 
the use of halogenated agents 





or to reduce the dosage of any 
general anesthetic. 


For information relating to Contraindications, 
Warnings, Precautions and Adverse Reactions, 
please turn following page. 





INNOVAR" injection is available for use only 
upon direction of a physician. 
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O INNOVAR injection as part of a technique 
of balanced anesthesia helps maintain good 
. cardiovascular stability — of special value in 
protracted procedures and in geriatric, 
poor-risk and markedly debilitated patients. 
















O INNOVAR injection 


10—2 ml. VAR can facilitate management 
INNO in a variety of surgical and 


INNOV AR (fi diagnostic situations, such 
] | as "awake" endotracheal 
Y NDC0045.0280.20 m intubation. ..when patient 
cooperation during the 
procedure is necessary... 


or when a difficult position 
, must be maintained. 


FOR INTRAVENOUS OR 
INTRAMUSCULAR USE 


Usual Dosage 
For dosage and c 
mation for use, ® 
panying prod - 


A mainstay of modern anesthesia 





INNOVAR injection‘ 
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The two components of INNOVAR injection, fentanyl and droperidol, have 
different pharmacologic actions. Before administering INNOVAR injection, 
the user should familiarize himself with the special properties of each drug, 
particularly the widely differing durations of action 







INDICATIONS INNOVAR injection is indicated to produce tranquilization and 
analgesia for surgical and diagnostic procedures. It may be used as an anes- 
thetic premedication, for the induction of anesthesia, and as an adjunct in the 
maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE* fentanyl injection alone, rather than the 
combination drug INNOVAR injection, should usually be used; see Dosage and 
Administration Section 

CONTRAINDICATIONS INNOVAR injection is contraindicated in patients with 
known intolerance to either component 

WARNINGS AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE 
RECEIVED INNOVAR INJECTION SHOULD HAVE APPROPRIATE SURVEIL- 
LANCE 


RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE 
READILY AVAILABLE TO MANAGE APNEA 

See also discussion of narcotic antagonists in PRECAUTIONS and OVERDOS- 
AGE 

FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPOTENSION 
SHOULD ALSO BE AVAILABLE 

The respiratory depressant effect of narcotics persists longer than the measured 
analgesic effect. When used with INNOVAR injection, the total dose of all 
narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, be used in reduced doses ini- 
tially, as low as 1/4 to 1/3 those usually recommended. 

INNOVAR injection may cause muscle rigidity, particularly involving the mus- 
cles of respiration. This effect is due to the fentanyl component and is related to 
the speed of injection. Its incidence can be reduced by the use of slow intrave- 
nous injection. Once the effect occurs, it is managed by the use of assisted or 
controlled respiration and, if necessary, by a neuromuscular blocking agent 
compatible with the patient's condition. 

Drug Dependence: Fentany!, the narcotic analgesic component, can produce 
drug dependence of the morphine type and therefore has the potential for being 
abused. : 

Severe and unpredictable potentiation by MAO inhibitors has been reported 
with narcotic analgesics. Since the safety of fentanyl in this regard has not been 
established, the use of INNOVAR injection or SUBLIMAZE (fentanyl) in patients 
who have received MAO inhibitors within 14 days is not recommended 


Head Injuries and Increased Intracranial Pressure: INNOVAR injection 
should be used with caution in patients who may be particularly susceptible to 
respiratory depression such as comatose patients who have a head injury or 
brain tumor. In addition, INNOVAR injection may obscure the clinical course of 
patients with head injury 

Usage in Children: The safety of INNOVAR injection in children younger than 
two years of age has not been established 

Usage in Pregnancy: The safe use of INNOVAR injection has not been estab- 
lished with respect to possible adverse effects upon fetal development. There- 
fore, it should be used in women of childbearing potential only when, in the 
judgment of the physician, the potential benefits outweigh the possible hazards 
There are insufficient data regarding placental transfer and fetal effects; there- 
fore, safety for the infant in obstetrics has not been established 


PRECAUTIONS The initial dose of INNOVAR injection should be appropriately 
reduced in elderly, debilitated and other poor-risk patients. The effect of the 
initial dose should be considered in determining incremental doses. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves, and 
can cause peripheral vasodilatation and hypotension because of sympathetic 
blockade. Through other mechanisms (see Actions), fentany! and droperidol 
also depress respiration and blood pressure. Therefore, when INNOVAR injec- 
tion is used to supplement these forms of anesthesia, the anesthetist must be 
familiar with the physiological alterations involved, and be prepared to manage 
them in the patients selected for this form of anesthesia 

If hybotension occurs, the possibility of hypovolemia Should be considered and 
managed with appropriate parenteral fluid therapy. Repositioning the patient to 
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improve venous return to the heart should be considered when operative condi- 
tions permit. It should be noted that in spinal and peridural anesthesia, tilting the 
patient into a head-down position may result in a higher level of anesthesia than 
Is desirable, as well as impair venous return to the heart. Care should be 
exercised in the moving and positioning of patients because of a possibility of 
orthostatic hypotension. If volume expansion with fluids plus these other coun- 
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termeasures do not correct the hypotension, then the administration of pressor” 


agents other than epinephrine should be considered Epinephrine may 
Paradoxically decrease the blood pressure in patients treated with INNOVAR 
injection due to the alpha-adrenergic blocking action of droperidol 

The droperido! component of INNOVAR injection may decrease pulmonary 
arterial pressure, This fact should be considered by those who conduct diag- 
nostic or surgical procedures where interpretation of pulmonary arterial pres- 
sure measurements might determine final management of the patient 

Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE (fentanyl), should be used with caution in 
patients with chronic obstructive pulmonary disease, patients with decreased 
respiratory reserve, and others with potentially compromised ventilation. In 
such patients narcotics may additionally decrease respiratory drive and in- 
crease airway resistance. During anesthesia this can be managed by assisted 
or controlled respiration. Postoperative respiratory depression caused by nar- 
cotic analgesics can be reversed by narcotic antagonists Appropriate surveil- 
lance should be maintained because the duration of respiratory depression of 
doses of fentanyl (as SUBLIMAZE (fentanyl) or INNOVAR) employed during 
anesthesia may be longer than the duration of the narcotic antagonist action 
Consult individual prescribing information (levallorphan, nalorphine and 
naloxone) before employing narcotic antagonists 

Should respiration be compromised by muscle rigidity, assisted or controlled 
respiration and possibly a neuromuscular blocking agent will be required The 
occurrence of muscle rigidity is related to the speed of intravenous injection and 
the incidence can be reduced by slow intravenous injection 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) have additive or potentiating effects with INNOVAR injec- 
tion. When patients have received such drugs. the dose of INNOVAR injection 
required will be less than usual. Likewise, following the administration of IN- 
NOVAR injection, the dose of other CNS depressant drugs should be reduced 
INNOVAR injection should be administered with caution to patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs 

The fentanyl component may produce bradycardia, which may be treated with 
atropine, however, INNOVAR injection should be used with caution in patients 
with cardiac bradyarrhythmias 

When the EEG is used for postoperative monitoring, it may be found thatthe EEG 
pattern returns to normal slowly 

ADVERSE REACTIONS The most common serious adverse reactions reported 
to occur with INNOVAR injection are respiratory depression, apnea, muscular 
rigidity, and hypotension, if these remain untreated, respiratory arrest, circula- 
tory depression or cardiac arrest could occur. 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed following administration of INNOVAR injection. Restlessness. 
hyperactivity and anxiety which can be either the result of inadequate tranquil- 
ization or part of the symptom complex of akathisia may occur. When ex- 
trapyramidal symptoms occur, they can usually be controlled with anti- 
Parkinson agents 

Elevated blood pressure, with and without preexisting hypertension, has been 
reported following administration of INNOVAR injection. This might be due to 
unexplained alterations of sympathetic activity following large doses; however. 
it is also frequently attributed to anesthetic or surgical stimulation during light 
anesthesia. 

Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, twitching, blurred vision, laryngospasm, bronchospasm, bradycar- 
dia, tachycardia, nausea and emesis, diaphoresis, emergence delirium and 
postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression) 

Postoperative drowsiness is also frequently reported 


U.S. Patent No. 3,141,823 


(McNEIL) McNeil Laboratories, Inc. 


Fort Washington, Pa. 19034 
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VERSAT ONE’ MULTI-PURPOSE DOPPLER INSTRUMENT 


FOR MONITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 
TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This sensitive Doppler probe is easy to 
tape in position for non-invasive detection 
and monitoring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff 
and manometer, systolic blood pressures 
may be obtained even on infants and 
hypotensive patients. 


FOR EARLY DETECTION 
OF VENOUS AIR EMBOLISM 


This sensitive wide-angle Doppler probe is 
particularly well suited for the detection 
of venous air emboli which may occur 
during neurosurgical procedures per- 
formed with the patient in the upright 
position. It also detects motion of the 
heart muscle, heart valves and blood flow. 


VERSATONE D8 DOPPLER 


The Model D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeable probes of various frequencies 
and configurations. It is powered by a 
rechargeable battery and has a built-in 
loudspeaker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset for private listening, and a chart 
recording circuit. The two probes shown 
above are particularly useful to the 
anesthesiologist. Two sizes of pencil 
shaped probes are also available. These are 
useful for intraoperative assessment of 
flow in exposed vessels, as well as for 
transcutaneous flow detection. 


MED, SONICS For more information call or write: 
P.O. Box M (340 Pioneer Way) Mountain View, CA (415) 965-3333 





Thelocal that 
gives you the longest . 
anesthesia 
gives your patient 
longer postoperative 

analgesia. 


Marcaine: hydrochloride (brand of bupivacaine 
hydrochloride) —available with or without epi- 
nephrine—is the local anesthetic that provides the 
longest duration of action among commonly used 
local anesthetics. Which minimizes the problems 
of “continuous” technique or repeat doses. 

Marcaine also provides longer postoperative 
analgesia. Which reduces the need for postoperative 
narcotics. 

And in data in over 3,000 patients, Marcaine was 
reported to have excellent or satisfactory results 
in more than 96% of cases. 


















Ex:ended anesthesia for 


d 


In regional blocks, Marcaine, with 
or without epinephrine, usually 
provides anesthesia atleast | 5? to2 
times longer than lidocaine or 
mepivacaine. And approximately 
2056 longer than tetracaine. 

In fact, anesthesia may extend up 
to 9 hours for peridural block and 
upto 12 hours for peripheral nerve 
block. This has been established 
tn several thousand surgical and 
obstetrical patients, !* 

In fact, a single Marcaine epi- 
dural injection, with or without 
epinephrine. may be enough for up 
to 344% or more? hours of anesthesia 
for surgery, and often provides 
analgesia that carries over into the 

recovery room and beyond. When 
necessary. doses may be repeated 
up to once every three hours. Cau- 
uon E EU E Hamano of 


iver dicus Until fangs ee 
ence is gained, total daily dose of 





400 mg. should not be exceeded nor 

Wis administration to children under 
12 recommended. Also see epi- 
nephrine warnings and precautions 
statements on next page. 

This longer anesthetic action can 
minimize problems of "continuous" 
tec hnique or repeat doses. Thus, 
there is the further advantage of a 


reduced likelihood of introducing 
infection since injections are less 
frequent.^ 
Chart I 
Duration of anesthesia 
Percentage of patients experiencing 
anesthetic effect— 
Comparison of Marcaine with 
epinephrine and other local 


anesthetic/ epinephrine preparations? 
tc rc du c 

|. ve Of patients experiencing anesthetic effect 
| fat least six hours after injection) 


100-| w Nl arcaine 96 pts. 

æ Feiracaine 66 pts. 

« Mepivacaine 17 pts. 
w b idocame 24 pts. 






TM a aia a a 


(d i T i a NN. NA 
sub- 7 Ue 9 qub gb R B ofM 
Hours after injection 


"Equipotent doses used for bilateral, simultaneous 


blocks of sciatic/ femoral. intercostal. or 

br: ichi; aljaxdlary nerves. Adapted from Moare, 
D. C.: Data in the files of the Ste ring W inthrop 
Rese arch Institute. 
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Marcaine, with or without epineph- 
iis ees vour Fpapent more—con- 


SEU han eae o anes- 
thetics in various types of nerve 
block.**" An analgesia that per- 
sists after the return of motor func- 
tion and even cutaneous sensation." 
As a result. vou may be able to 
defer! ^ and sometimes even elimi- 
nate.” postoperative narcotics, 
Chart H illustrates the average 
duration of time between the initial 
Marcaine injection and the need 
for postop analgesics. Many of the 
67 patients given Marcaine, with 
or without epinephrine, caudally for 
rectal surgery did not complain of 
pain for 11 hours or longer follow- 
ing induction. 


In another group of 40 patients? 
given Marcaine or mepivacaine, 
both with epinephrine, locally for 
tonsillectomy. Marcaine pain relief 
lasted 3 to 5 times longer than that 
provided by mepivacaine. Andina 
study! of 65 patients given 0.5 96 
Marcaine with epinephrine caudally 
for rectal or other perineal surgery, 
complete sensation returned in 
ameanof$'2 hours for the average 
patient, And the majority of these 
patients did not require a narcotic for 
an additional | to 3 hours. 

Chart I 
Duration of time between injection of 


Marcaine, with or without epinephrine, 
and need for postop analgesics’ | 


No. of 
patients 








Hours from initial injection to first 
hypodermic for pain 
t Average exclusion of extremes and failures. 


Adapted from Lund, PC. eral: Anesth. Analg. 


49:103, Jan.-Feb. 1970, 


Excellent clinical acceptance 








Marcaine, with or without epineph- 
rine, was administered to 3,112 
patients for various types of local 
anesthesia.’ Of these patients, only 
2 experienced a systemic reaction. 
Although Marcaine has a very wide 
safety margin, adverse reactions 
characteristic of those associated 
with other amide local anesthetics 
may occur. 

Marcaine is indicated for most 
anesthetic blocks; however, until 
further clinical experience is gained, 
paracervical block is not recom- 
mended. 


See important product information concerning 
warnings, adverse reactions, patient selection, 
and prescribing and precautionary recommen- 
dations on next page. 


Extends the limits of time in anesthesia‘ 


Extends the limits of time in 


Marcaine 


bu of @ 


i bupivacaine 


a with or without epinephrine 1: 





postoperative analgesia?*'* 


hydrochloride 
hydrochloride 
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MARCAINE® Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, infil- 
tration, sympathetic block, caudal, or epi- 
dural block. 

Contraindication: Marcaine is contraindi- 
cated in patients with known hypersensi- 
tivity to it. 

Warnings: RESUSCITATIVE EQUIP- 
MENT AND DRUGS SHOULD BE 
READILY AVAILABLE WHEN ANY 
LOCAL ANESTHETIC IS USED. 
Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits 
and there is no evidence of harm to the 
animal fetus. The relevance to the human 
is not known. Safe use in pregnant women 
other than those in labor has not been 
established. 

Until further clinical experience is gained. 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia fre- 
quently follows paracervical block with 
some amide-type local anesthetics and 
may be associated with fetal acidosis. 
Added risk appears to be present in pre- 
maturity, toxemia of pregnancy, and fetal 
distress. 

The obstetrician is warned that severe per- 
sistent hypertension may occur after ad- 
ministration of certain oxytocic drugs. if 
vasopressors have already been used dur- 
ing labor (e.g.. in the local anesthetic solu- 
tion or to correct hypotension). 

Solutions containing a vasoconsirictor, 
particularly epinephrine or norepineph- 
rine, should be used with extreme caution 
in patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 
Local anesthetics which contain preserva- 
tives, i.e., those supplied in multiple dose 
vials, should not be used for caudal or epi- 
dural anesthesia. 

Until further experience is gained in chil- 
dren younger than 12 years, administra- 
tion of Marcaine in this age group is not 
recommended. 

Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage. correct technique. adequate pre- 
cautions, and readiness for emergencies. 
The lowest dosage that gives effective 
anesthesia should be used in order to avoid 
high plasma levels and serious systemic 
side effects. Injection of repeated doses of 
Marcaine may cause significant increase 
in blood levels with each additional dose. 
due to accumulation of the drug or its 
metabolites or due to slow metabolic 
degradation. Tolerance varies with the 
status of the patient. Debilitated, elderly 
patients and acutely ill patients should be 
given reduced doses commensurate with 
age and physical condition. 

Solutions containing a vasoconstrictor 
should be used cautiously in areas with 
limited blood supply, in the presence of 
diseases that may adversely affect the pa- 
tient's cardiovascular system, or in pa- 
tients with peripheral vascular disease. 
Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide- 
type local anesthetics. 

Serious dose-related cardiac arrhythmias 
may occur if preparations containing à 
vasoconstrictor such as epinephrine are 
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employed in patients during or following 
the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene. 
or other related agents. In deciding 
whether to use these products concur- 
rently in the same patient, the combined 
action of both agents upon the myocar- 
dium. the concentration and volume of 
vasoconstrictor used. and the time since 
injection, when applicable, should be 
taken into account. 

Caution is advised in administration of 
repeat doses of Marcaine to patients with 
severe liver disease. 

Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A 
major cause of adverse reactions to this 
group of drugs is excessive plasma levels. 
which may be due to overdosage, inad- 
vertent intravascular injection, or slow 
metabolic degradation. 

Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and 
the cardiovascular system. The central 
nervous system effects are characterized 
by excitation or depression. The first man- 
ifestation may be nervousness. dizziness, 
blurred vision, or tremors, followed by 
drowsiness, convulsions, unconsciousness, 
and possibly respiratory arrest. Since 
excitement may be transient or absent, the 
first manifestation may be drowsiness, 
sometimes merging into unconsciousness 
and respiratory arrest. Other central ner- 
vous system effects may be nausea, vomit- 
ing, chills, constriction of the pupils. or 
tinnitus. The cardiovascular manifesta- 
tions of excessive plasma levels may in- 
clude depression of the myocardium, 
blood pressure changes (usually hypoten- 
sion), and cardiac arrest. In obstetrics, 
cases of fetal bradycardia have occurred 
(see Warnings). 

Allergic reactions, which may be due to 
hypersensitivity. idiosyncrasy, or dimin- 
ished tolerance. are characterized by 
cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detec- 
tion of sensitivity by skin testing Is of 
doubtful value. 

Reactions following epidural or caudal 


anesthesia also may include: high or total 
spinal block; urinary retention: fecal in- 
continence; loss of perineal sensation and ,. 
sexual function; persistent analgesia, 4 
paresthesia, and paralysis of the lower ex- 
tremities; headache and backache: and 
slowing of labor and increased incidence 
of forceps delivery. 

Treatment of Reactions. Toxic effects of 
local anesthetics require symptomatic 
treatment: there is no specific cure. The 
physician should be prepared to maintain 
an airway and to support ventilation with 
oxygen and assisted or controlled respira- 
tion as required. Supportive treatment of 
the cardiovascular system includes intra- 
venous fluids and, when appropriate, 
vasopressors (preferably those ghat stimu- 
late the myocardium). Convulsions may 
be controlled with oxygen and intravenous 
administration, in small increments, of a 
barbiturate. as follows: preferably, an 
ultrashort-acting barbiturate such as thi- 
opental or thiamylal; if this is not avail- 
able, a short-acting barbiturate (e.g. seco- 
barbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by 
those familiar with their use. A 
References: 1. Moore, D. C. Bridenbaugh. L. D., 
Bridenbaugh, PO. eral: Bupivacaine, a review 
of 2,077 cases, J.4.M A. 214:713. Oct. 26, 1970. 
2, Moore, D. C., Bridenbaugh, L. D., Briden- 
baugh, P ©., eral: Bupivacaine for peripheral 
nerve block: a comparison with mepivacaine, 
lidocaine and tetracaine, Anesthesiology 32:460, 
May 1970, 3. Hollman, A.. Axillary plexus block: 
a double-blind study of 59 cases using Mepivacame 
and LAC-43, Acta Anaesthesiol. Scand... Suppl. 
21:53, 1966. 4. Bromage, P Ro A comparison of 
bupivacaine and tetracaine m epidural anesthesia 
for surgery, Can. Anaesth, Soc. d. 15:31, Jan. 1969, 
5. Lund. P C., Cwik J.C. and Vallesteros, Ei 


of the Sterling-Winthrop Research Institute. 

8. Puento-Egido, J. J., Dudeck, J., and Nolte, Ho 
The clinical use of the local anesthetic agent 
Marcaine (Carbostesin? ), Anaesthesist 16:224, 
August 1967, 9, Data in the files of the Sterling- 
Winthrop Research Institute, (1664MB} 
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Winthrop Laboratories, New York, N. Y. 10016 


3 
FORMULA i 
PRODUCT IDENTIFICATION MULTIPLE DOSE VIAL SINGLE DOSE AMPUL 
Marcaine HCI Epineohrine*! uoinyi. Sodium Thio- Ascorbic 60% Sod. Edetate | Sodium Thio- Ascorbic 60% Sod. Edetat 
uat ot s (as bitartrate} | paraben Bisulfite glycerol Acid Lactate Calcium | Bisulfite glycerol Acid Lactate Calciur 
pivacaine HDH Disodium Pizedi 
% mg/m. Dilution mg/ml. mg./mt mL/mi. mg/mi mémi mg/m. madmi mimi. mg/ml.  mi/mi mg/m 
0.25 2.5 = 1 = = = = - = - = = 
Te 2.8 1:200,000 ; 9.5 003 2 BOY? üt | 5 004 2 DOT? 0.1 
* 50 - ~ =- = = ~ - - - - - 
0.5 520 1:200, 000 1 as 001 2 GOA? a1 & Reta | 2 6017 g.t 
0.75 75 - = pn snd “w ~ 
0.75 7.5 1:200,000 Not Available In Vials 5 001 2 i 


Note: The pH of these solutions is adjusted with sodium hydroxide ar 


each solution isotonic, 
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hydrochioric acid. Sodium chieride has been added to make 


Extends the limits of time in anesthesia" 


Extends the limits of umie in postoperative analgesia 





Brand of & 


3 9.0. 


' hydrochloride 


€ 
ehydrochloride | 


with or without epinephrine 1:200,000 
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ALL NEW 
AND NOW 
AVAILABLE ... 


THE 

BERMAN II 

INTUBATING/PHARYNGEAL 
AIRWAY 





e Newly designed... “hinged” 
e Can be used as any pharyngeal airway 


e 3 SÍZeS: LARGE (Adult)... 100mm 
MEDIUM oenn 90mm 
CITIES 80mm 


e A widened anterior posterior diameter allows for more space between tongue 
and pharynx providing a better airway 


e The laryngoscopic tip on the anterior wall of this airway fits into the vullecula and 
exerts forward pull on the tongue 


e Airway is ideal for passing tubes into the esophagus and larynx 


e Airway may be easily removed from intubating tube 


ra 


i+- e The unusual design of this airway allows it to be 
ii’! | opened longitudinally and set aside in the mouth 
:t+--4 while endotracheal tube remains in place 


e Fiber optic bronchoscope and gastroscope can be passed 
through this airway and protected against teeth of patient 






e Recommendation for blind intubation technique available on request 
e This airway is especially useful in cardio pulmonary resuscitation 
! e Paramedics can be readily trained to use it safely 
e Most useful in difficult intubations . . . especially where larynx cannot be vis- 
ualized . . . with topical anesthesia can be used in awake intubations 


MAIL COUPON For SAMPLE SET OF 3 SIZES 


EMERGENCY KIT CORP., Dept. 812 
1841 Broadway, New York, N.Y. 10023 
Send me one sample set of Berman II 


Intubating/Pharyngeal Airways in 3 sizes. 
Enclosed is check for $3.00 for post paid shipment 


A QUALITY PRODUCT OF 


EMERGENCY 


KIT C» 


1841 BROADWAY, 
NEW YORK, N.Y. 10023 


City i State Zip 
Hospital affiliation o 
Money will be refunded if you are not satisfied. 
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Documented Compatibility 
with Epinephrjne 





A Unlike some anesthetic agents, ETHRANE® (enflurane) does 
not significantly increase myocardial sensitivity to exogenous 
epinephrine.*!-4 Thus, ETHRANE allows an adequate margin 

Moises. of safety during anesthesia when epinephrine is used under 

NT the conditions prescribed for local hemostasis— with or with- 

out concomitant use of lidocaine.*! 4 Of course, all customary 

precautions in the use of vasoconstrictor substances should 
be observed. 

MEL ME Similarly, reported data has also supported the use of 

vo pn c To ETHRANE anesthesia in the resection of a pheochromocy- 

T. toma without significant increase in myocardial sensitivity to 

endogenous catecholamines.°’ 

x | ETHRANE anesthesia also ensures: fast induction, quick 

rn recovery, maintenance of cardiac rhythm, excellent muscle 
eee | relaxation, and few aftereffects.5 

These advantages of ETHRANE —plus its compatibility 
with subcutaneously administered epinephrine— demonstrate 
its versatility in concept and performance. 







































WARNING: Motor activity exemplified by movement of various 
muscle groups and/or seizures may be encountered with deep 
levels of ETHRANE (enflurane) anesthesia. For additional warn- 
ings, contraindications, and precautions, see following page. 


EFT me 


‘Please see following page for summary of product information. 






1. Johnston, R. R., et al.: A comparative interaction of epinephrine with enflurane, 
isoflurane, and halothane in man: Epinephrine induced PVC's and anesthesia. 
Anes & Analg, Sept/Oct, 1976. 

2. Reisner, L. S., Lippmann, M.: Ventricular arrhythmias after epinephrine injection 
in enflurane and in halothane anesthesia. Anesth & Analg 54:468-470, 1975. 

3. Lippmann, M., Reisner, L. S.: Epinephrine injection with enflurane anesthesia: 

Incidence of cardiac arrhythmias. Anesth & Analg 53:868-889, 1974. 

WKenchigeri, H. N., et al.: Effect of epinephrine during enflurane anesthesia. 

Anesth & Analg 53:894-897, 1974. 

- Kreul, J. F., etfal: Hemodynamic and catecholamine studies during pheochromo- 

Roma resection underenflurane anesthesia. Anesthesiology 44:265-268, 1976. 


L Diaz, P. M.: Use of enflurane for pheochromocytoma removal. Anes- 
thesiolc E95-497, 1975. 

Kopr va, C797 lipgham, R.: The use of enflurane during resection of a pheo- 
chromocytoma: Bihesiology 41:399-400, 1974. 

8. Additional data on file, Medical Department, Ohio Medical Products. 
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Ethrane 


enflurane) 


CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION 


ETHRANE (enflurane) is a nonflammable anesthetic agent. It is 2-chloro- 
1,1,2-trifluoroethy! difluoromethy! ether, and its structural formula is: 


CIF F 
|] | 
H-C-C-O-C-H 
FF F 
Some physical constants of the compound are: 
Molecular weight 184.5 
Boiling point 760 mm Hg. 56.5°C 
Refractive index n 29 1.3026-1.3030 
D 
Specific gravity 25°/25°C 1:517 
Vapor pressure in mm Hg.** 20°C 174.5 
25°C 217.7 
36°C 345.2 
**Equation for calculation of enflurane vapor pressures: 
B bab A 
lo P=A+ — B= — 1678.4 
V T =°C + 273.16 (Kelvin) 


Partition coefficients @ 37°C 


Water-gas 0.82 
Blood-gas 1.91 
Oil-gas 98.5 
Partition coefficients @ 25°C-rubber and plastic 
Conductive rubber 74.0 
Buty! rubber 90.0 
Polyvinylchloride 120.0 
Polyethylene "2.0 
Polyurethane 791.5 
Polyolefin (1.2 
Butyl acetate 3.0 
Solubility of enflurane in H20 at 22°C 0.275% 
Solubility of H20 in enflurane 0.13% 
Purity by gas chromatography >99.9% 
Flammability in air None 
Flammability in oxygen None 


(Entire concentration range to saturation 
at 71 and 113°F and 743 mm Hg. pressure.) 
M.A.C. (Minimum alveolar concentration) 
Man with pure oxygen 1.68 
Man with 70% nitrous oxide 0.56 (est.) 


ETHRANE is a clear, colorless, stable liquid without added chemical sta- 
bilizers. ETHRANE has a mild, sweet odor. Storage of samples in indirect 
sunlight in clear, colorless glass for a five year period, as well as direct 
exposure for 30 hours to a 2 amp, 115 V., 60 cycle long wave U.V. light, 
p no changes in composition detectable by gas chromatography. 

THRANE in one normal! sodium methoxide-methanol solution, a strong base, 
for over six months consumed none of the alkali, indicative of strong base 
stability. ETHRANE does not decompose in contact with soda lime. ETHRANE 
does not attack aluminum, tin, brass, iron or copper. 


ACTIONS 


ETHRANE (enflurane) is an inhalation anesthetic. Induction and recovery 
from anesthesia with ETHRANE are rapid. ETHRANE does not appear to 
stimulate excess salivation or tracheobronchial secretions, or affect bron- 
chomotor tone. Pharyngeal and laryngeal reflexes are readily obtunded. The 
level of anesthesia changes rapidly with ETHRANE. ETHRANE reduces ven- 
tilation as depth of anesthesia increases. ETHRANE provokes a sigh response 
reminiscent of that seen with diethyl ether. 

There is a decrease in blood pressure with induction of anesthesia, fol- 
lowed by a return to near normal with surgical stimulation. Progressive in- 
creases in depth of anesthesia produce corresponding increases in hypo- 
tension. Heart rate remains relatively constant without significant bradycardia. 
Electrocardiographic monitoring or recordings indicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arterial blood does 
not alter cardiac rhythm. 

While ETHRANE has been shown to sensitize the myocardial conduction 
system to epinephrine in the dog and may produce serious arrhythmias, 
studies in cats and man indicate considerable margin of safety in the admin- 
istration of epinephrine containing solutions during ETHRANE anesthesia. 
ETHRANE anesthesia has been used in medical conditions involving high 
levels of endogenous catecholamines, as well as surgical procedures in- 
volving carefully administered quantities of epinephrine containing solutions. 
On the basis of this experience, up to 10 ml. of 1:100,000 or 1:200,000 epine- 
phrine containing solution alone or in conjunction with local anesthetics may 
be injected subcutaneously at a rate of not more than 10 ml. per minute and 
no more than 30 ml. per hour. More dilute solutions and reduced dosages 
should be used in highly vascular areas. All customary precautions in the 
use of vasoconstrictor substances should be observed. 

Muscle relaxation is adequate for intra-abdominal operation at normal 
levels of anesthesia. Should greater relaxation be necessary, minimal doses 
of muscle relaxants may be used. All commonly used muscle relaxants are 
compatible with ETHRANE. THE NONDEPOLARIZING MUSCLE RELAXANTS 
ARE MARKEDLY POTENTIATED. Neostigmine does not reverse the direct 
effect of ETHRANE. 

Biotransformation of ETHRANE in man results in low levels of serum 
fluoride ions averaging 15 mM/L. These levels are well below the 50 mM/L 
seen to produce renal damage in normal subjects; however, it is possible 
that these levels could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation. 
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INDICATIONS 


ETHRANE (enflurane) may be used for induction and maintenance of general 
anesthesia. Adequate data have not been developed to establish its applica- 
tion in obstetrical anesthesia. 


CONTRAINDICATIONS 


Seizure disorders (see WARNINGS). 
Known sensitivity to ETHRANE (enflurane) or other halogenated anesthet- 
ics. 


WARNINGS 


Increasing depth of anesthesia with ETHRANE (enflurane) produces a change 
in the electroencephalogram characterized by high voltage, fast frequency, 
progressing through spike-dome complexes alternating with periods of elec- 
trical silence to frank seizure activity. The latter may or may not be asso- 
ciated with motor movement. Motor activity, when encountered, generally 
consists of twitching or "jerks'" of various muscle groups; it is self-limiting 
and can be terminated by lowering the anesthetic concentration. This elec- 
troencephalographic pattern associated with deep anesthesia is exacerbated 
by hyperventilation producing low arterial carbon dioxide tension. The pat- 
tern serves as a warning that depth of anesthesia is excessive. Cerebral 
blood flow and metabolism studies in normal volunteers during seizure pat- 
terns show no evidence of cerebral hypoxia, and recovery appear to be 
uncomplicated. 

Since levels of anesthesia may be altered easily and rapidly, only cali- 
brated vaporizers which measure output with reasonable accuracy should 
be used. Hypotension and respiratory exchange can serve as a guide to 
anesthesia depth. With deep levels of anesthesia, more marked hypotension 
and respiratory depression are encountered. 

The action of nondepolarizing relaxants is augmented by ETHRANE. Less 
than the usual amounts of these drugs should be used. The time for recovery 
from the myoneural effect of these relaxants is greater in the presence of 
ETHRANE than for other commonly used anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been established. Repro- 
Guction studies have been performed in rats and rabbits, and there is no 
evidence of harm to the animal fetus. The relevance of these studies to the 
human is not known. Since there is no adequate experience in pregnant 
women who have received the drug, safety in pregnancy has not been estab- 
lished. 


PRECAUTIONS 


Eromsulfalein (BSP) retention is mildly elevated postoperatively in some 
cases. There is some elevation of glucose and white blood count intra- 
operatively. Glucose elevation should be considered in diabetic patients. 
ETHRANE (enflurane) should be used with caution in patients who by virtue 
cf medical or drug history could be considered more susceptible to cortical 
stimulation produced by this drug. As with other general anesthetics and 
some muscle relaxants, hyperpyrexia has been observed with the use of 
ETHRANE. 


ADVERSE REACTIONS 


1. Motor activity exemplified by movement of various muscle groups and/or 
seizures may be encountered with deep levels of ETHRANE (enflurane) anes- 
thesia. 

2. Hypotension and respiratory depression have been reported. 

3. Arrhythmias, shivering, nausea, and vomiting have been reported. 

4. Elevation of the white blood count has been observed. It has not been 
determined whether this is related to ETHRANE or to surgical stress. 


DOSAGE AND ADMINISTRATION 


The concentration of ETHRANE (enflurane) being delivered during anesthesia 
from a vaporizer should be known. This may be accomplished by using: 

a) vaporizers calibrated specifically for ETHRANE; 

b) vaporizers from which delivered flows can easily and readily be 

calculated. 

Maintenance concentration should not exceed 396. Premedication should 
be selected according to the need of the individual patient, taking into 
account that secretions are weakly stimulated by ETHRANE and the heart 
rate remains constant. The use of anticholinergic drugs is a matter of choice. 


Induction: Induction may be achieved using ETHRANE alone with oxygen 
or in combination with oxygen-nitrous oxide mixtures. Under these conditions 
some excitement may be encountered. If excitement is to be avoided, a hyp- 
notic dose of a short-acting barbiturate should be used to induce uncon- 
sciousness, followed by the ETHRANE mixture. In general, inspired con- 
centrations of 3.5-4.5% ETHRANE produce surgical anesthesia in 7-10 
minutes. 


Maintenance: Surgical levels of anesthesia may be attained with 1.5-3.0% 

concentration. If added relaxation is required, supplemental doses of muscle 
relaxants may be used. Ventilation to maintain the tension of carbon dioxide 
in arterial blood in the 35-45 mm range is preferred to hyper- or hypoven- 
tilation in order to minimize possible CNS excitation. 
_ The level of blood pressure during maintenance is an inverse function of 
ETHRANE concentration in the absence of other complicating problems. 
Excessive decreases (unless related to hypovolemia) may be due to depth of 
anesthesia and in such instances should be corrected by lightening the level 
of anesthesia. 


Overdosage: In the event of overdosage, or what may appear to be over- 
dosage, the following action shou!d be taken: 

Stop drug administration; establish that the airway is clear and initiate 

assisted or controlled ventilation with pure oxygen as circumstances 

dictate. 


ADMINISTRATION EQUIPMENT 

ETHRANE (enflurane) may be administered from a flow-through type vapor- 
izer manufactured and specifically calibrated for ETHRANE. Vaporizers which 
deliver saturated vapor at reasonable flows but are not specifically calibrated 
for ETHRANE may be used. A reasonably accurate estimation of delivered 
ETHRANE concentration may be made by use of the nomograph on the 
reverse side. 

ETHRANE contains no stabilizer. Nothing is present in the agent to alter 
calibration or affect the operation characteristics of the vaporizer. 


PACKAGING 


ETHRANE (enflurane) is packaged in 125 and 250 ml. amber bottles. No 
additives or stabilizers are present. 
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ALLOWS CONTROL OF — | 


MOST HAZARDOUS 
PRESSURE PROBLEMS 


Dupaco's new Liqui-Seal™ Systems solves 
pressure problems associated with air filled 
Tracheal Tube cuffs by eliminating air itself. 
This is accomplished by filling the cuff with 
saline solution from a self-contained reservoir. 
Since the fluid in the cuff system is incom- 
pressable, as compared with air, the pressure 
on the tracheal mucosa will vary directly with 
the height of the top of the fluid reservoir 
above the cuff at the time the cuff inflation 
valve is closed. The use of Liqui-Seal™ Sys- 
tem gives the following advantages: 

1. Positive seal at extremely low pressure. 

2. Safe for prolonged use without periodic 

cuff deflation. 
3. Cuff pressure readily regulated. 







U.S. Pat, No. 3766927 
Other Pat. pending 


i 
g: 


4. Cuff pressure constant during N20 
anesthesia. 
5. No change in cuff pressure due to 
altitude changes (air evacuation). 
6. Maximum pressure obtainable approx. 
40cm H20. 
7. One hand operation. 
Liqui-Seal™ Tracheal Tubes are available in 
five sizes, have Murphy eye and are sterile 
packaged in convenient peel packages with 
appropriate connector. 


NS DUPACO 


INCORPORATED 
P.O. Box 98, San Marcos, CA 92069 


(succinylcholine chloride) 


For controlled muscle relaxation 
adjunctive to anesthesia: 


' FLO-PACK for 
ee egere relaxation 


- instant-mix sterile powder interfaces with all 
major parenteral systems 
+ „ (vacuum or nonvacuum) 


- each unit complete— no needle or syringe 
needed. . 


 fetains potency indefinitely" 
| "no refrigeration required 


- unbreakable, sterile plastic injection 
units of 500 and 1,000 mg 


INJECTION for 
short-term relaxation 


- a product of ċhoice for. intubation 
and other short procedures 


- unique square bottle and bright yellow. ` 
label fòr positive identification 


ready for immediate use 

: 20 mg per cc... in40 cc multidose vials ` 
- flip-top cap for easy opening 

-single or multiple use 
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THIS DRUG SHOULD BE USED ONLY BY 
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, 
CHARACTERISTICS AND HAZARDS. 





DESCRIPTION: Anectine brand Succinylcholine 
Chioride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically it is a di-qua- 
ternary base consisting of the di-chloride salt of 
the di-choline ester of succinic acid. It is a white. 
odorless, slightly bitter powder and very soluble 
in water The drug is unstable with alkaline solu 
tions. but relatively stable in acid solutions 
depending upon the concentration of the solu- 
tion andthe storage temperature. While solutions 
of succinylcholine chloride are sterilized by 
autociaving. they should. nevertheless, be stored 
under refrigeration to preserve their potency 


INDICATIONS: Succinyicholine chloride is indi 
cated as an adjunct to anesthesia to induce 
skeletal muscle relaxation. I! may be employed 
io reduce the intensity of muscle contractions 
of pharmacologically or electrically induced 
convulsions. 


CONTRAINDICATIONS: Succinyicholine is 
contraindicated for persons with a known hyper 
sensitivity to the drug 


WARNINGS: 





| WARNING: SUCCINYLCHOLINE SHOULD 
i BE USED ONLY BY THOSE SKILLED IN THE 
MANAGEMENT OF ARTIFICIAL RESPIRA- 
TION AND ONLY WHEN FACILITIES ARE 
INSTANTLY AVAILABLE FOR ENDOTRA- 
CHEAL INTUBATION AND FOR PROVIDING | 
ADEQUATE VENTILATION OF THE PATIENT, 
INCLUDING THE ADMINISTRATION OF 
OXYGEN UNDER POSITIVE PRESSURE AND 
THE ELIMINATION OF CARBON DIOXIDE.. 
THE CLINICIAN MUST BE PREPARED TO 
ASSIST OR TO CONTROL RESPIRATION 


i 
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Succinylcholine should not be mixed with 
short-acting barbiturates in the same syringe, 
or administered simultaneously during intra- 
venous infusion through the same needle. Solu 
tions of succinylcholine have an acid pH 
whereas those of barbiturates are alkaline in 
reaction. Depending upon the resultant pH of a 
mixture of solutions of these drugs. either free 
barbituric acid moy be precipitated or suc 
cinyicholine hydrolyzed 

Usage in Pregnancy The safe use of succin 
yicholine has not been established with respect 
to the possible adverse effects upon fetal devel 
opment Therefore. it should not be used in 
women of childbearing potential and particu 
lady during early pregnancy unless in the judg- 
ment of the physician the potential benefits 
outweigh the unknown hazards 


‘PRECAUTIONS: Low ievels of. or abnormal vari- 
-ants of plasma cholinesterase may be asso 
iated with prolonged respiratory depression 
ot apnea following the use of succinylcholine 
Low levels of plasma cholinesterase may occur 
in patients with severe liver disease or cimhosis 
severe anemia, malnuintion, severe dehydra 
ion. changes in body temperature, exposure 

O neurotoxic insecticides or those receiving 
antimalanal drugs. Succinyicholine shouid be 
ceiministered with extreme care to such patients 
dosage shouid be minimal. If low plasma 
mesterase activity is suspected, a small 

se of from 5 lo 10 mg of succinylcholine 
be administered, or relaxation may be 
Dced by the cautious administration of a 
iulion of the drug by intravenous drip 

Rugs which either inhibit plasma cholinesterase 
neostigmine or phospholine iodide, or 
lie with succinylcholine for the enzyme 
niravenous procaine, should not be 
curently with succinylcholine 





Succinylcholine should be administered with 
great caution to patients with severe burns 
those recovering from severe trauma, those 
suffering from electrolyte imbalance, those 
receiving quinidine, those who have been digi- 
talized recently or who may have digitalis tox 
icity as serious cardiac arrhythmias or cardiac 
arrest may result. Great caution should be 
observed also in patients with pre-existing 
hyperkalemia or who are paraplegic. have 
suffered spinal neuraxis injury, or have degen- 
erative or dystrophic neuromuscular disease, 
as such patients tend fo become severely 
hyperkalemic when succinylcholine is given 

When succinylcholine is given over a pro 
longed period of time, the characteristic 
depolarization block of the myoneural junction 
may change to a non-depolarizing block 
which results in prolonged respiratory denres 
sion or apnea. Under such circumstances. small 
repeated doses of neostigmine may possibly 
act as an antagonist. A peripheral nerve stimu 
lator (e.g.. the Wellcome Peripheral Nerve Stimu 
lator) may be used to ascertain the type of 
neuromuscular blockade If a depolarization 
block is present both fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sus 
tained, and post-tetanic facilitation is absent 
If a non-depolanzing block is present there is 
post-tetanic facilitation and “fade” of succes- 
sive stimuli on both fast (tetanic) and slow 
(twitch) rates of nerve stimulation 

Succinylcholine should be used with caution 
during ocular surgery and in patients with 
glaucoma. The drug should be employed with 
caution in patients with fractures or muscle 
spasm as the muscle fasciculations may cause 
additional trauma. Muscle fasciculations and 
hyperkalemia may be reduced by adminis 
tering a small dose of a non-depolarizing relax- 
ant If other relaxants are to be used during the 
same procedure, the possibility of a synergistic 
or antagonistic effect should be considered 

During the past few years, reports have called 
attention to a fulminant syndrome, malignant 
hyperthermia, observed during anesthesia. Its 
etiology is not fully understood. Malignant hyper 
thermia occurs in genetically prone individuals 
of all ages and both sexes receiving potent 
anesthetics such as halothane. methoxyfluo 
thane, cyclopropane and diethyl ether It 
appears to develop irrespective of the con- 
comitant use of a muscle relaxant, but may be 
triggered by succinylcholine. Because of the 
seriousness of this syndrome and the need for 
early effective treatment of the patient. it is sug 
gested that the continuous monitonng of the 
temperature will serve as an aid to the early 
recognition of malignant hyperthermia 


ADVERSE REACTIONS: Adverse reactions con 
sist primarily of an extension of the drug's phar 
macological actions. Profound and prolonged 
muscle relaxation may occur, resulting in respira 
tory depression to the point of apnea Hyper 
sensitivity to the drug may exist in rare instances 

The following adverse reactions have been 
reported: bradycardia, tachycardia, hyper- 
tension. hypotension, arrhythmias. cardiac 
arrest, prolonged respiratory depression or 
apnea, hyperthermia, increased intraocuiar 
pressure, muscle fasciculation, postoperative 
muscle pain, myoglobinemia and excessive 
salivation 


MANAGEMENT OF ADVERSE REACTIONS: 
Apnea or prolonged muscle paralysis should 
be treated with controlled respiratior 

The use of neostigmine to reverse a non 
depolarization block is a medical decision 
which must be made upon the basis of the 
individual clinica! pharmacology and the ex 
penence and judgment of the clinician. When 
neostigmine is used atropine should also be 
administered 


SUPPLIED: Injection, Multi-dose vials, 20mg cc, 
10 cc, boxes of 12 vials. Flo-Pack® Sterile 
Powder 500 mg and 1,000 mg. boxes of 12 


Complete literature available on request 
from Professional Services Dept. PML 


Research Triangle Park 
North Carolina 27709 


Wellcome 


Ax / Burroughs Wellcome Co. 


in selected cases of shock 


24mg/ml 


INJECTION 


DECADRON seu: 


(DEXAMETHASONE SODIUM PHOSPHATE | MSD) 


Contraindications: Systemic fungal infections (See Warnings re ampho- 
tericin B); hypersensitivity to any component. 

Warnings: Corticosteroids may exacerbate systemic fungal infections and 
Should not be used in presence of such infections unless needed to contro! 
reactions to amphotericin B; there have been cases reported in which 
concomitant use of amphotericin B and hydrocortisone was followed by 
cardiac enlargement and congestive failure. In patients subjected to unusual 
Stress, increase dosage of rapidly acting corticosteroids before, during, and 
after the stressful situation. Corticosteroids may mask some signs of 
infection; new infections, decreased resistance, and inability to localize 
infection may occur. Moreover, corticosteroids may affect the nitroblue- 
tetrazolium test for bacterial infection and produce false negative results. 
Prolonged use of corticosteroids may produce posterior subcapsular cataracts 
and glaucoma with possible damage to optic nerves and may enhance the 
establishment of secondary, fungal or viral ocular infections. 

Usage in pregnancy: \n pregnancy or women of childbearing potential, weigh 
anticipated benefits against possible hazards to mother and embryo or fetus. 
Infants of mothers on substantial doses of corticosteroids during pregnancy 
Should be carefully observed for signs of hypoadrenalism. Corticosteroids 
appear in breast milk and could suppress growth, interfere with endogenous 
corticosteroid production, or cause other unwanted effects: mothers taking 
pharmacologic doses of corticosteroids should be advised not to nurse. 
Elevation of blood pressure, salt and water retention, and increased excretion of 
potassium may occur with large doses of synthetic corticosteroids: dietary 
Salt restriction and potassium supplementation may be necessary. All 
corticosteroids increase calcium excretion. Patients on corticosteroids should 
not be vaccinated against smallpox and other immunization procedures should 
not be undertaken; this warning does not apply to those receiving cortico- 
steroids as replacement therapy, e.g., for Addison's disease. 

In active tuberculosis, use should be restricted to fulminating or disseminated 
tuberculosis and should be in conjunction with appropriate antituberculous 
regimen; in latent tuberculosis or tuberculin reactivity, close observation is 
necessary as reactivation of the disease may occur, and patients should receive 
chemoprophylaxis during prolonged corticosteroid therapy. 

Because rare instances of anaphylactoid reactions have occurred in patients 
receiving parenteral corticosteroid therapy, appropriate precautionary 
measures should be taken prior to parenteral administration, especially in 
patients with history of drug allergy. 

Precautions: This steroid is sensitive to heat and should not be autoclaved. 
Drug-induced secondary adrenocortical insufficiency, which may be minimized 
by gradual reduction of dosage, may persist for months after discontinuation of 
therapy. In any situation of stress occurring during that period, hormone 
therapy should be reinstituted. If patient already is receiving steroids, dosage 
may have to be increased. Since mineralocorticoid secretion may be impaired, 
salt and/or mineralocorticoid should be administered concurrently. 

In hypothyroidism and in cirrhosis, there is an enhanced effect of corti- 
costeroids. Use cautiously in patients with ocular herpes simplex for fear of 
corneal perforation. 

The lowest possible dose should be used, and when reduction in dosage is 
possible, it must be gradual. Psychic derangements may appear, ranging from 
euphoria, insomnia, mood swings, personality changes, and severe depression 
to frank psychotic manifestations, and existing emotional instability or 
psychotic tendencies may be aggravated. Psychological and/or physiological 
dependency may develop with long-term use; withdrawal symptoms include 
anorexia, vague pains, weakness, and lethargy. In hypoprothrombinemia, use 
aspirin cautiously in conjunction with corticosteroids. 

Use with caution in nonspecific ulcerative colitis, if there is a probability of 
impending perforation, abscess, or other pyogenic infection; also in 
diverticulitis, fresh intestinal anastomoses, active or latent peptic ulcer, renal 
insufficiency, hypertension, osteoporosis, and myasthenia gravis. Fat 


embolism has been reported as a possible complication of hypercortisonism. 


When large corticosteroid doses are given, some authorities advise that 
antacids be administered between meals to help to prevent peptic ulcer. 

Growth and development of infants and children on prolonged therapy should 
be carefully followed. Motility and number of spermatozoa may be increased or 
decreased. Phenytoin, phenobarbital, and ephedrine may enhance the metabolic 
clearance of corticosteroids, resulting in decreased blood levels and lessened 
physiologic activity, thus requiring adjustment in corticosteroid dosage; this 
interaction may interfere with the dexamethasone suppression test which 
should be interpreted with caution during administration of these drugs. Pro- 
thrombin time should be checked frequently in patients receiving concomitant 


coumarin anticoagulants because of reports that corticosteroids have altered 
the response to these anticoagulants; studies have shown the usual effect to 
be inhibition of response to coumarins, although there have been some reports 
of potentiation. When corticosteroids are administered concomitantly with 
potassium-depleting diuretics, patients should be observed closely for 
development of hypokalemia. 

Intra-articular injection may produce systemic as well as local effects. 
Appropriate examination of any joint fluid present is necessary to exclude a 
septic process. Marked increase in pain accompanied by local swelling, further 
restriction of joint motion, fever, and malaise is suggestive of sef'tic arthritis; if 
this complication occurs and diagnosis of sepsis is confirmed, appropriate 
antimicrobial therapy should be instituted. Injection of a steroid into an infected 
siteis to be avoided. Corticosteroids should not be injected into unstable joints 
Patients should be impressed strongly with the importance of not overusing 
joints in which symptomatic benefit has been obtained as long as the 
inflammatory process remains active. Frequent intra-articular injection may 
result in damage to joint tissues. In intercostal neuritis and neuralgia, guard 
against entering the pleura; sudden sharp pain during injection may mean the 
pleura has been penetrated. The slower rate of absorption by intramuscular 
(compared to intravenous) administration should be recognized. A 
Adverse Reactions: Fluid and electrolyte disturbances— Sodium retention: 
fluid retention; congestive heart failure in susceptible patients; potassium 
loss; hypokalemic alkalosis; hypertension. Musculoskeletal— Muscle 
weakness; steroid myopathy; loss of muscle mass; osteoporosis; vertebral 
compression fractures; aseptic necrosis of femoral and humeral heads: 
pathologic fracture of long bones. Gastrointestinal— Peptic ulcer with 
possible subsequent perforation and hemorrhage; pancreatitis; abdominal 
distention; ulcerative esophagitis. Dermatologic— Impaired wound healing: 
thin fragile skin; petechiae and ecchymoses; erythema; increased sweating: 
may suppress reactions to skin tests; burning or tingling, especially in the 
perineal area (after IV injection); other cutaneous reactions, such as allergic 
dermatitis, urticaria, angioneurotic edema. Neuro/ogic—Convulsions: 
increased intracranial pressure with papilledema (pseudotumor cerebri) 
usually after treatment; vertigo; headache. Endocrine— Menstrual 
irregularities; development of cushingoid state; suppression of growth in 
children; secondary adrenocortical and pituitary unresponsiveness, 
particularly in times of stress, as in trauma, surgery, or illness: decreased 
carbohydrate tolerance; manifestations of latent diabetes mellitus: increased 
requirements for insulin or oral hypoglycemic agents in diabetics. 
Ophthalmic— Posterior subcapsular cataracts: increased intraocular 
pressure; glaucoma; exophthalmos. Metabolic — Negative nitrogen balance 
due to protein catabolism. Other— Anaphylactoid or hypersensitivity 
reactions; thromboembolism; weight gain; increased appetite; nausea; 
malaise; psychological and/or physiological dependency. Additional adverse 
reactions related to parenteral corticosteroid therapy: Rare instances of 
blindness associated with intralesional therapy around the face and head; 
hyperpigmentation or hypopigmentation; subcutaneous and cutaneous 
atrophy; sterile abscess; postinjection flare (following intra-articular use): 
Charcot-like arthropathy. 

Note: Injection, 4 mg/ml — For intravenous, intramuscular, intra-articular, 
intralesional, and soft-tissue injection. Injection, 24 mg/ml— For 
intravenous injection only. DOSAGE REQUIREMENTS ARE VARIABLE AND 
MUST BE INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENT. 

How Supplied: Injection in two concentrations: Injection, 4 mg/ml, in 1-ml 
disposable syringes and 1-ml, 5-ml, and 25-ml vials, containing per ml: dexa- 
methasone sodium phosphate equivalent to 4 mg dexamethasone phosphate 
or 3.33 mg dexamethasone; Inactive ingredients per ml: 8 mg creatinine, 
10 mg sodium citrate, sodium hydroxide to adjust pH, water for injection q.s., 
with 1 mg sodium bisulfite, 1.5 mg methylparaben, and 0.2 mg propylparaben 
added as preservatives; Injection, 24 mg/ml, in 5-ml and 10-ml vials, 
containing per ml: dexamethasone sodium phosphate equivalent to 24 mg 
dexamethasone phosphate or 20 mg dexamethasone; Inactive ingredients per 
ml: 8 mg creatinine, 10 mg sodium citrate, 0.5 mg disodium edetate, sodium 
hydroxide to adjust pH, water for injection q.s., with 1 mg sodium bisulfite, 
1.5 mg methylparaben, and 0.2 mg propylparaben added as preservatives. 


MSD 
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For more detailed information, consult your MSD 
representative or see full prescribing information. 
Merck Sharp & Dohme, Division of Merck & Co., Inc. 
West Point, Pa. 19486 )6DIO2R 1( 112) 
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The Board of Trustees 
of the 
International Anesthesia Research Society 
is pleased to announce the appointment of 
Dr. Nicholas M. Greene 
as Editor-in-Chief 
of 
Anesthesia and Analgesia . . . Current Researches 
effective March, 1977 
Dr. Greene succeeds Dr. T. H. Seldon 
who is retiring 


after 23 years as Editor of the Journal. 


Kenneth K. Keown, M.D. 


Chairman, Board of Trustees 
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Abdominal Pain and Alcohol Celiac Plexus Nerve Block 


GALE E. THOMPSON, MD* 
DANIEL C. MOORE, MDT 
L. DONALD BRIDENBAUGH, MD: 
ROBERT Y. ARTIN, MDS 


Alcohol celiac plexus nerve blocks were done in 
100 patients, of whom 97 had intractable ab- 
dominal pain from cancer. In most cases, an 
initial diagnostic block with bupivacaine was 
followed by the therapeutic block performed by 
injecting 50 ml of 50 percent ethyl alcohol. Good 
to excellent pain relief occurred in 94 percent 
of patients. Fourteen blocks were repeated for 


p^ is a common complaint of patients 
suffering from carcinoma in the upper 
abdomen. The primary disease is often not 
amenable to surgery, radiation therapy, or 
chemotherapy, and palliation becomes the 
major goal of treatment. Here is a situation 
where the anesthesiologist can use a thera- 
peutic nerve block with consistently good 
results. Regardless of the kind of carcinoma 
which precipitates abdominal discomfort, 
there is a need to deal promptly with the 
situation. Life expectancy after the time of 
diagnosis is generally less than 6 months. 
Since 1969, we have performed more than 
100 alcohol celiac plexus nerve blocks at 
'The Mason Clinic. This report presents per- 
tinent clinical data, warns of complications, 
and is written to encourage more widespread 
use of this block. 


PATIENT DATA 
'The average age of patients in this series 


*Staff Anesthesiologist. 
*Staff Anesthesiologist. 
tStaff Anesthesiologist. 
§$Third-Year Resident. 


Seattle, Washington. 


recurrent pain. Life duration ranged from 2 
days to 14 months after the block. Complica- 
tions and side effects were infrequently seen 
but did include a 10 percent incidence of pos- 
tural hypotension and 1 case of partial leg 
paralysis. This block is remarkably safe as 
well as effective and should be employed more 
frequently. 


was 63.7 years. Fifty-five were males and 
45 were females. Three patients had benign 
disease with a diagnosis of chronic pancre- 
atitis. Ninety-seven had carcinoma found 
by laparotomy or by percutaneous biopsy 
(table 1). A variety of signs and symptoms 
heralded the onset of these malignancies. 
Weight loss on the order of 3.6 to 6.8 kg was 
found in 90 percent of the patients before 
they sought medical assistance. The maxi- 
mum weight loss was 21.3 kg. Jaundice was 
seen in 72 patients at some time during the 
course of their disease. Pain was the major 
concern of 91 patients during the diagnostic 
stage of their disease. Nine percent experi- 
enced no pain until some time after a tissue 
diagnosis had been made. This pain was 
primarily located in the epigastrium (79% ) 
or mid-back (1295) and had been present 
for an average of 2.4 months before the 
patients were referred for nerve block. It 
was variously described as cramping, boring, 
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TABLE 1 


Primary Diagnosis in 100 Patients Treated 
with Alcohol Celiac Plexus Nerve Block 





Malignant tumors (97) Number of cases 





Pancreas 67 
Lung 9 
Esophagus 6 
Stomach 5 
Ovary 3 
Colon 2 
Miscellaneous* 5 


Benign conditions 





Chronic pancreatitis 3 


*Includes lymphoma, bile duct, liver. 


gnawing, aching, or like “green-apple 
cramps.” The pain was constant in char- 
acter, with some relief being obtained by 
analgesics, narcotics, and position. A com- 
mon finding was the tendency for patients 
to sit or lie in the fetal position with knees 
drawn up into the abdomen and the back 
flexed forward. 


RESULTS 


There was good to excellent pain relief in 
94 percent of the cases. Fourteen patients 
had the alcohol celiac plexus block repeated 
at an interval of 5 days to 1 year because 
of recurrent pain. Life duration following 
alcohol block was 2.4 months, with a range 
of 2 days to 14 months. In 10 percent of 
patients, it was necessary to infuse crystal- 
loid or other blood-volume expanders before 
they could ambulate. Eighty-five percent 
reported being dizzy when sitting for the 
lst time after the block. Vital-sign changes 
were recorded in 1 patient (table 2), and 
are fairly typical of the response to be ex- 
pected after alcohol block. 


TABLE 2 


An Example of Changes in Vital Signs 
in 1 Patient After Alcohol Celiac Block 








Blood pressure Pulse 
Pre-block (supine) 145/70 90 
Pre-block (sitting 2’) 140/100 96 


15 minute post-block 120/70 114 


(supine) 


15 minutes post-block 84/65 132 
(sitting 2’) 
24-hour post-block (supine) 110/70 90 


24-hour post-block 100/70 100 
(sitting 2’) 
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ANATOMY 


The celiac plexus is the largest of the 3 
giant plexuses of the sympathetic nervous 
system. The cardiac plexus innervates tho- 
racic structures, the celiac plexus innervates 
abdominal organs, and the hypogastric plex- 
us supplies pelvic organs. All three contain 
visceral afferent and visceral efferent sym- 
pathetic fibers. In addition, they contain 
parasympathetic fibers which pass through 
as preganglionic nerves. Although both types 
of autonomic fibers can be found in each of 
these plexuses, they are primarily sympa- 
thetic nervous system structures. Different 
texts have used the terms celiac plexus, 
splanchnic plexus, and solar plexus to de- 
scribe the same nerve center. The etiology 
of these terms relates to emphasis being 
placed on the adjacent artery (celiac), con- 
tributing nerves (splanchnic), or the gen- 
eral shape and body location (solar). The 
contributing nerve supply to the plexus is 
illustrated in figure 1. 


TECHNIC 


The technic of celiac plexus nerve block 
has been described by Moore.! The patient 
is placed in the prone position with arms 
hanging down from the side of his hospital 
cart. Key features include the use of skin 
markings for projection of anatomic detail, 
the distinctive feel of injection through a 
12.7 to 15.24-cm, 20-gauge needle rather 
than a 22-gauge needle, and the use of bony 
landmarks in placing the needle. Diagnostic 
blocks are done with 50 ml of 0.15 percent 
bupivacaine. The therapeutic block is per- 
formed with a similar volume of 50 percent 
ethanol. This is freshly prepared by mix- 
ing saline or local anesthetic with absolute 
ethanol from commercially available am- 
pules. 


One point not previously emphasized has 
been the use of the aorta as a vascular land- 
mark in locating the celiac plexus. The 
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Fic 1. The sympathetic nervous system contri- 
bution to the celiac plexus. 
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celiac plexus 


Fic 2. Bony and vascular relationships of the 
celiac plexus. Aortic pulsations can be used to help 
locate the final position of the needle on the patient's 
left side. 


plexus is entwined around the aorta at the 
level of the 12th thoracic and 1st lumbar 
vertebrae (fig 2). It is possible to approach 
the aorta on the patient's left side and feel 
its transmitted pulsations up the shaft of 
a firmly held needle. The approach must 
necessarily be cautious and utilize the depth 
information gleaned by first locating the ver- 
tebral body. Moving the needle slowly for 
1 to 3 cm beyond the depth will allow the 
perceived pulsations to dictate a needle-tip 
position near or in the celiac plexus. We use 
a bilateral injection and place the second 
needle in the patient's right side at a depth 
and angle corresponding to that of the ini- 
tial left-sided insertion. 


DISCUSSION 


In an earlier report on alcohol celiac plex- 
us block,? we found the most common cause 
of unremitting upper abdominal pain to be 
carcinoma of the pancreas. This disease has 
shown a threefold increase in incidence 
since 1910; and although an old medical 
axiom states that painless jaundice is the 
sine qua non of pancreatic carcinoma, recent 
studies*^ show that pain is the dominant 
symptom during the course of the disease. 
Drapiewski? found direct tumor invasion of 
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pancreatic nerves in 84 percent of a group 
of patients with autopsy findings of car- 
cinoma of the pancreas. Various authorities 
claim that abdominal pain can be conveyed 
via splanchnic sympathetic, vagus, phrenic, 
or lumbar somatic nerves. In any given in- 
stance, depending on tumor size and metas- 
tases, any or all of these nerves might be 
involved. 


A number of reports indicate that the 
sympathetic system is the primary pain 
pathway in many patients. Surgical 
splanchnicectomy can be performed by di- 
rect cutting of nerve fibers or by injecting 
neurolytic solutions at the time of laparot- 
omy. Although these would seem to be sim- 
ple procedures for the surgeon, there are 
other considerations. First, the modern fa- 
cility to obtain tumor diagnosis by methods 
such as laparoscopy and percutaneous bi- 
opsy may obviate the need for surgical ex- 
ploration. Even when laparotomy is done, 
it is sometimes difficult to expose the celiac 
plexus in the presence of certain tumor 
masses. It is risky to inject neurolytic 
drugs in the anesthetized patient if paraly- 
sis from spreading solution is a concern. 


Furthermore, the patient is often con- 
fused as to what is postoperative incisional 
pain versus what is tumor pain. Efficacy of 
the block is hard to evaluate. Therefore, we 
prefer to do the percutaneous celiac alcohol 
block on awake patients following a reason- 
able postoperative period for healing of the 
incision. Routine postoperative medications 
are used during this time for pain control. 
Usually, these medications are unnecessary 
after 7 to 10 days and the patient is able 
to lie prone while the block is done. By this 
time, most patients have an appreciation of 
the persistent gnawing pain which they ex- 
perienced preoperatively and now continue 
to find disturbing in the postoperative peri- 
od. In addition, many have been made 
aware of the final diagnosis and are amen- 
able to a discussion of palliative therapy. 


Indications for diagnostic celiac plexus 
block prior to the therapeutic alcohol block 
are the following: 


First, if a patient is uncertain about the 
nature of the procedure or vague about his 
pain, a diagnostic block affords him the 
opportunity to make a more rational deci- 
sion about having the neurolytic block. 


Second, the diagnostic block gives the 
physician a chance to evaluate the appro- 
priate needle size and position. 
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Finally, the physiologic consequences of 
the block can be appreciated without undue 
concern when a temporary block is produced 
with local anesthetic solution. This is of 
special importance in patients with massive 
ascites, obesity, hypoproteinemia, anemia, 
or hypovolemia. 


We have found no need to complicate the 
performance of celiac block by using x-ray 
or fluoroscopy to locate the needle position. 
This has been advocated but does not serve 
to guarantee a lack of complications or accu- 
rate placement of solution. Familiarity with 
the block is best achieved by using it on a 
regular basis in the course of administering 
surgical anesthesia. The combination of ce- 
liac block with bilateral intercostal block is 
ideally suited for any kind of upper abdom- 
inal surgery, and the physician using these 
blocks on a daily or weekly basis is well 
prepared for the occasional neurolytic block. 


The main concern in celiac block is to 
avoid a flat trajectory of the needle. This is 
most likely to occur in the obese patient who 
cannot lie in a prone position. It is also 
likely to occur when the novice is perform- 
ing the block. It is vitally important to draw 
out anatomic markings on the skin surface 
and to mentally visualize the depth at which 
vertebral bodies can be located. 


Paralysis can follow celiac plexus nerve 
block, due to faulty needle placement and 
consequent spread of drug into the epidural 
space, subarachnoid space, or onto the so- 
matic nerves at lumbar or thoracic levels. 
The potential problem of permanent paraly- 
sis from alcohol should be respected but 
does not deter from the usefulness of this 
block. Our single problem in this regard was 
in an obese, terminally ill woman who could 
not be turned to the proper prone position 
because of massive ascites. A block was at- 
tempted with the patient in a lateral posi- 
tion. This compromise in technic coupled 
with the anatomic distortions of obesity re- 
sulted in spread of alcohol solution to nerve 
roots of the lumbar plexus. She developed 
a partial unilateral leg paralysis. 


Physicians unfamiliar with alcohol celiac 
plexus block might envision a gigantic area 
of necrosis in the retroperitoneal area sur- 
rounding the site of injection. However, our 
repeated observations at the time of autopsy 
have revealed no grossly discernible changes. 
Studies in dogs have shown mild inflam- 
matory changes and severe degenerative 
changes in nerves and ganglia following 
phenol injection around the celiac axis. 
Despite the large blood vessels in this area, 


TABLE 3 


Blood Alcohol Concentrations Following 


Celiac Plexus Block in 5 Patients* 
————————————— 
Time after Average blood 
injection, min concentration, gm/100 ml 


———————————————————99—— ———— 


0 0 
10 0.005 
20 0.017 
30 0.018 
40 0.013 





*Each patient received 50 ml of 50% ethyl alcohpl. 


there was no evidence of abnormal bleeding 
or destruction of vascular walls. Alcohol is 
readily absorbed into the blood stream fol- 
lowing celiac plexus block. Blood alcohol 
levels rise acutely over the first 20 minutes 
(table 3). The maximum level we measured 
was 0.021 gm/100 ml. This is about one-fifth 
of the common legal standard for intoxica- 
tion. 


Although it is difficult to define success 
when treating pain, 60 of these patients con- 
sistently acknowledged a marked sense of 
pain relief following alcohol block. Most 
often this was noted within minutes after 
performing the block but sometimes required 
24 hours before new aches and pains sub- 
sided. These new sites of pain were con- 
sidered to be due to alcohol transiently irri- 
tating the diaphragm or back musculature. 
The pain generally subsided within a few 
hours, but it is good to forewarn the patient 
that such might occur. 


Good pain relief was obtained in 34 addi- 
tional patients. This figure includes 14 pa- 
tients who obtained relief after a repeat 
alcohol block. In these patients a composite 
impression of pain relief was obtained by 
considering not only the views of the patient 
but also those of relatives, referring physi- 
cians, nurses, and anesthesiologists. It some- 
times happened that the family was more 
impressed with the results of alcohol celiac 
block than was the patient. They observed 
such things as more restful sleep, better ap- 
petite, and less agitated motion spent in 
trying to "get comfortable" or to gain relief 
by assuming the fetal position. It is im- 
portant to include these impressions as well 
as those of the referring physician in arriv- 
ing at a therapeutic success figure. 


Some possible reasons prompting repeat 
block are nerve regeneration, increase in size 
of primary tumor, or the growth of meta- 
stases. If the initial alcohol block gave good, 


Celiac Plexus Nerve Block . . . Thompson, et al 


albeit transient, relief, or if further diag- 
nostic blocks indicated potential for further 
relief of pain, we were not at all reluctant 
to do a 2nd or even 3rd neurolytic block. 
The block was considered poor or ineffective 
in 6 people, including all 3 patients with 
chronic pancreatitis. 


We have noted some variable but encour- 
aging side benefits, in addition to pain re- 
lief, as a primary reason for doing this block. 
Many patients note improved bowel motility 
and may even pass gas or stool per rectum 
within minutes of celiac plexus block. 'This 
is due to depression of sympathetic tone to 
the gut with relative overbalance of vagal 
input. Another, but more temporally spaced, 
explanation relates to decreased use of nar- 
cotics, with consequent increase in bowel 
tone and motility. Several other patients 
have experienced less nausea and regurgi- 
tation of food. Accompanying this has been 
improved appetite and even weight gain. 
The block is not advocated as a cure for all 
problems of malignant disease, but these 
effects were encouraging when observed. 


An interesting theoretic question is wheth- 
er neurolytic block of the celiac plexus 
might result in an “unvigilant’” abdomen. 
Could certain conditions such as bowel ob- 
struction, cholecystitis, or appendicitis de- 
velop and go unrecognized? This has not 
happened in our experience. The same ques- 
tion crossed the minds of physicians who 
earlier treated hypertensive cardiovascular 
disease by bilateral thoracolumbar sympa- 
thectomy.? Apparently, this did not prove 
to be worthy of concern, but it could be a 
matter to consider when alcohol celiac block 
is contemplated for the pain of benign dis- 
ease like chronic pancreatitis. For this rea- 
son, but especially because of our poor re- 
sults in achieving pain relief in this group, 
it is recommended that the block be used 
primarily for treatment of pain from malig- 
nant disease. 
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The celiac plexus is a well-localized cen- 
ter in which pain messages from various 
sites in the abdomen have traffic. It is a 
sacrificable nerve center without the dis- 
turbing side effects of motor sensory and 
visceral-function loss consequent to destroy- 
ing other nerves or plexuses. The pain re- 
lief obtained from alcohol celiac plexus 
block can complement or obviate the need 
for more deleterious approaches to analge- 
sia used in patients with carcinoma of the 
upper abdomen. It is one of the simplest, 
most effective, and least hazardous means 
of palliative therapy. It is the single most 
effective neurolytic nerve block. We would 
encourage anesthesiologists to gain famili- 
arity with celiac plexus block by doing it 
with local anesthetic agents in routine sur- 
gical anesthesia. This should lead to its 
greater application in the field of pain 
therapy. 
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Lack of CNS Depression From Large Doses 
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It is not uncommon to observe prolonged CNS 
depression for several hours following con- 
trolled hypotension and halothane anesthesia 
for neurosurgery. The present study evaluates 
possible contribution of large doses of trimeth- 
aphan to CNS depression. Four adult sheep 
were placed on transapical left ventricular by- 
pass (TALVB) withdrawing blood from the 
apex of the left ventricle through a roller 
pump, Pall Ultipor filter, and returning the 
blood to a carotid artery. In the awake and 
unanesthetized animals, 1 to 2 gm of trimeth- 
aphan were administered IV during each ex- 


C ONTROLLED reduction of blood pressure 
is still desirable in selected neurosur- 
gical procedures when a bloodless operative 
field is essential, although enthusiasm for 
hypotensive anesthesia has been tempered 
by reports of morbidity and mortality fol- 
lowing its use.!:? It is not uncommon to find 
mydriasis and hyporeflexia in neurosurgical 
patients subjected to prolonged hypotensive 
anesthesia induced by trimethaphan.t1 


We recently used a large dose of trimeth- 


'*Personal communication, R. Aitken, MD, Neuro- 
surgical Anesthesiologist, London, Ontario, Can- 
ada. 


periment while maintaining mean arterial pres- 
sure at 60 to 75 torr. Two sheep stood up and 
knelt down without obvious correlation with 
dose of trimethaphan administered at the time; 
two remained standing and continued eating 
during the trimethaphan infusion. Cardiovascu- 
lar recovery from these large doses of trimetha- 
phan was within 15 to 30 minutes after the 
conclusion of drug infusion. The data strongly 
suggest that large doses of trimethaphan have 
no significant CNS depression in the awake and 
unanesthetized sheep. 


aphan (2250 mg) for induced hypotension 
during surgical clipping of basilar artery 
bifurcation aneurysm. During a period of 
about 6 hours postoperatively, the patient's 
pupils were dilated and unreactive. He was 
unresponsive to sensory stimulation. How- 
ever, in the ensuing 6 hours, he recovered 
from these neurologic sequelae. This clinical 
experience suggested the possibility that 
large doses of trimethaphan may have a 
CNS-depressant effect. 


Because of this clinical case, a laboratory 
study was designed to observe possible 
CNS-depressant effects of large doses of tri- 
methaphan in the unanesthetized sheep, 
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PAP 
(Swan-Ganz 
catheter) 


LVP 


LEFT VENTRICULAR BYPASS MODEL 


Fic 1. Diagram of animal model. ECG = electro- 
cardiogram; PAP = pulmonary artery pressure; 
LVP = left ventricular pressure; AOP = aortic pres- 
sure. 


whose circulation was supported by partial- 
to-total left ventricular bypass pumping. 


METHODS AND RESULTS 


Four male sheep weighing 40 to 50 kg 
were anesthetized with halothane (1 to 2%) 
after induction with IV methohexital sodium 
(2.5%, 10 to 15 ml) and scopolamine (1 to 
2 mg). A left thoracotomy was performed 
for insertion of an apex catheter (#36 
USCI) and a left ventricular (LV) pressure 
catheter. The left carotid artery was can- 
nulated with a Bardic (18-20) catheter and 
attached to the outflow line from a Pall 
Ultipor filter through a Sarns roller pump 
connected to the LV apex withdrawal cath- 
eter? * (fig 1). 

















The system was primed with heparin 
(2000 to 4000 units) and dextran 40 in sa- 
line solution (10%, 350 to 400 ml). Trans- 
apical LV pumping was slowly initiated up 
to approximately 3 L/min and any air was 
removed from the Pall filter. A right femoral 
artery line was placed for measurement of 
systemic BP and a Swan-Ganz catheter for 
measurement of pulmonary artery, pulmo- 
nary capillary wedge, and right atrial pres- 
sures (fig 1). All sheep were pumped con- 
tinuously for 5 to 7 days at 50 to 70 percent 
cardiac output and then subjected to IV 
trimethaphan infusion. One to 2 gm of tri- 
methaphan in 250 ml of D;W were infused 
over a 1-hour period with adjustment of the 
roller pump rpm to maintain MAP in the 
range of 60 to 75 torr. Pressures were re- 
corded with a Sanborn 6-channel recorder 
from Statham P-23 low- and high-gain pres- 
sure transducers. Sheep were unanesthetized 
and tethered without respiratory support 
and allowed to eat and drink during the tri- 
methaphan infusion studies. 


Figure 2 shows a Sanborn composite trac- 
ing of the arterial pressure maintained by 
the LV bypass pump. During the trimetha- 
phan infusion, venous return to the heart 
was insufficient to maintain cardiac output 
and MAP without extracorporeal support. 
Figure 2C shows a left intraventricular pres- 


sure of nearly zero while MAP is maintained 


at 75 torr. Two sheep stood up and knelt 
down without obvious correlation with dose 
of trimethaphan administered at the time; 
two remained standing and continued eat- 
ing during the drug infusion. Preinfusion 
MAP returned within 30 minutes after the 
conclusion of trimethaphan infusion and LV 
bypass pumping was discontinued. 











TIME (seconds) 


Fic 2. Left ventricular pressure (LVP) and aortic pressure (AOP) in a sheep during trimethaphan in- 
fusion (1 gm/hr) with left ventricular bypass support. A. Control, showing actual and mean pressures. B. 
During trimethaphan infusion, when the bypass pump is partially maintaining AOP. C. Additional tri- 
methaphan infusion, when LVP is nearly zero while AOP is maintained at 75 torr, completely supported 
by the bypass pump. D. 23 minutes after completion of trimethaphan infusion, without LV bypass sup- 
port, and return of hemodynamics to control values. * 
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DISCUSSION 


Postoperative hyporeflexia and pupillary 
dilation are not uncommon after halothane 
anesthesia and induced hypotension with tri- 
methaphan infusion after certain neurosur- 
gical procedures. Therefore, it is sometimes 
difficult to assess surgical success. 


Clinically, we relied heavily upon ECG 
changes to reflect cardiac ischemia and upon 
urinary output to reflect adequate renal per- 
fusion during periods of deliberate hypoten- 
sion. The assumption was also made that 
adequate renal perfusion may indicate ade- 
quate perfusion to other vital organs, such 
as the brain and the heart.” Despite ade- 
quate urinary output and no significant 
ECG changes intraoperatively in our pa- 
tient, we could not evaluate the possible con- 
tribution of halothane, trimethaphan, and 
hypotension to the patient's postoperative 
course. Cerebral ischemia and cerebral vas- 
cular spasm secondary to surgical manipula- 
tion remain as possible contributory causes. 


Sympathetic ganglionic blockade by tri- 
methaphan produces mydriasis,":7 believed 
to be the result of ciliary ganglionic block- 
ade. Inhibition of cardiac sympathetic gan- 
glia contributes to hypotension in addition 
to peripheral vasodilation. We have also 
noted that IV trimethaphan reduced cardiac 
performance significantly faster than IV 
nitroprusside in the ventricular bypass mod- 
el (unpublished data). The details of the 
hemodynamic data are not pertinent to the 
present discussion; they will be presented 
elsewhere. 


The total dose (2250 mg) of trimethaphan 
used in our patient was considerably larger 
than those reported in the literature.9.*-1^ 
Acute tachyphylaxis and patient resistance 
to trimethaphan were possibly contributory 
causes. We speculated that trimethaphan 
overdose may have contributed significantly 
to the patient's postoperative neurologic 
course. In the unanesthetized sheep, IV tri- 


methaphan did not seem to produce mydri- 
asis, and very large doses up to 2 gm in- 
fused over a short period of time (1 hour), 
did not produce overt sedation in these ani- 
mals, whose arterial pressure was artificially 
supported. These results strongly suggest 
that large doses of trimethaphan have little 
CNS effect in the unanesthetized sheep. 
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Male rats of the Fischer 344, Sprague-Dawley, 
Brattleboro, and Wistar strains, balb/C mice, 
and Hartley guinea pigs were divided into 2 
treatment groups. One group drank tap water 
while the other group drank water containing 
] mg/ml of phenobarbital. Animals were ex- 
posed to sevoflurane, enflurane, methox yflurane, 
isoflurane, or halothane in a closed chamber. 
In some of the experiments, soda lime was 
included and in others the chamber was heated 
to 39° C with a water blanket. Eighty-six per- 
cent (43/50) of Fischer 344 rats treated with 
phenobarbital and exposed to either sevoflurane 
or enflurane, in the presence of either soda 


[ma metabolism experiments with sevo- 
flurane (fluoromethyl-1,1,1,3,3,3-hexoflu- 
oroisopropyl ether), an investigational in- 
halational anesthetic agent, indicated that 
its biotransformation was induced by pheno- 
barbital treatment, both in vivo and in 
vitro.? In later experiments, the majority 
of rats treated with phenobarbital died with- 
in 2 hours after sevoflurane administration 
was terminated. Those rats that survived 
for 24 hours were moribund and, when sac- 
rificed, were found to have massive hepatic 
and renal necrosis. 
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lime or exogenous heat, died within a few 
hours after exposure. Fischer 344 rats and 
rats of other strains drinking phenobarbital 
water and exposed to methoxyflurane were 
affected, but to a lesser degree. Rats drinking 
ordinary tap water and phenobarbital-treated 
rats not exposed to either soda lime or exoge- 
nous heat were unaffected. Guinea pigs and 
mice also were unaffected. We postulate that 
the toxic response represents a species-specific 
thermoregulatory defect, precipitated by heat 
and occurring in rats treated with phenobarbi- 
tal in combination with sevoflurane, enflurane, 
or methoxyflurane. 


The present study examines the possible 
toxic interaction of phenobarbital and the 
inhalational anesthetics sevoflurane, halo- 
thane, isoflurane, enflurane, and methoxy- 
flurane in rats, mice, and guinea pigs. 


METHODS 


Adult male rats of the Fischer 344, Wistar, 
Brattleboro, and Sprague-Dawley strains, 
balb/C mice, and Hartley guinea pigs were 
divided into 2 treatment groups for each 
experiment. One group was permitted to 
drink ordinary tap water for 7 days prior 
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to anesthesia. The other group received tap 
water to which 1 mg/ml of phenobarbital 
sodium had been added. This treatment re- 
sults in maximum induction of the mixed 
function oxidase system.? 'The table lists the 
13 separate experiments and the conditions 
under which each was performed. Experi- 
ments were done to determine the impor- 
tance of soda lime, exogenous heat, anes- 
thetic agent, and anesthetic concentration 
in the toxic response. 


All experiments were performed in a 
closad plastic 100 liter chamber. Anesthetic 
agents were vaporized by injecting known 
amounts of liquid anesthetic onto a gauze 
sponge and then flowing O. through the 
sponge for several minutes. Gas chromato- 
graphic analysis ( Varian 1440) of anesthetic 
concentration in the chamber was made 
every 5 to 15 minutes to regulate concentra- 
tion to within + 10 percent of the desired 
level. O» concentration in the chamber was 
maintained at approximately 50 percent 
throughout the exposure and was monitored 
with an Instrumentation Laboratories #410 
oxygen meter. Rectal temperature of the 
rats was monitored during most of the ex- 
periments with a 12-channel Yellow Springs 
telethermometer, one channel being used to 
monitor chamber temperature. In those 
experiments in which the chamber was 
heated, heating was with K-Thermia* water 
blankets placed under the chamber and set 
at 39? C. Blankets were turned off as soon 
as the rectal temperature of any one animal 
reached 41? C. 


RESULTS (table) 


Eighty-eight percent (35/40) of Fischer 
344 rats treated with phenobarbital and 
sevoflurane, in the presence of soda lime 
or in the heated anesthetic chamber, died 
within several hours after anesthetic ex- 
posure. These animals at first appeared to 
recover from anesthesia, but within 15 min- 
utes they became lethargic, then comatose, 
and eventually died, apparently of respira- 
tory failure. Control Fischer 344 rats simul- 
taneously exposed to sevoflurane always 
were unaffected, as were phenobarbital- 
treated rats in the absence of soda lime or 
added heat. Examination of tissue sections 
from surviving rats revealed massive cen- 
trolobular hepatic necrosis and renal proxi- 
mal tubular degeneration (fig 1, 2). 


Figure 3 shows the mean rectal tempera- 
ture response curve of control and pheno- 
barbital-treated animals in representative 
experiments, ie, numbers 4 and 7. Animals 
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with phenobarbital and exposed to sevoflurane in 
the presence of soda lime (experiment 1). Arrows 
point to a zone of necrosis showing pericentral 
hepatocellular degeneration and hemorrhage. cv = 
central venule, H & E X 150. B. Similar finding in 
another area of the liver at higher power (X450). 


Karyorrhexis, cytoplasmic homogenization, sinus- 
oidal disruption, and hemorrhage are seen in the 
central zone, as is nuclear and nucleolar enlargement 
in periportal hepatocytes. c = central zone; pu = 
portal venule. H & E stain. 
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Fic 2. A. Renal cortex of same rat as in figure 1. 
Convoluted tubules with protein casts (c), mitotic 
figures (mf) in tubular epithelial cells, and tubular 
necrosis in 2 tubules (tn). g = glomerulus. H& E 
X 450. B and C. Pericentral hepatocytes from same 
rat as figure 1. Massive proliferation of smooth 
endoplasmic reticulum with whorl formations char- 
acterizing their ultrastructure. Electron micrograph 
X 15,000. 
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Fic 3. Rectal temperature response curves in 
Fischer 344 rats exposed to 0.5 percent sevoflurane 
without soda lime (experiment 7) or no anesthesia 
(experiment 4). Phenobarbital-treated animals ex- 
posed to sevoflurane vapors had a mean peak tem- 
perature of 41.6' C. Those animals whose body 
temperature was in excess of 41.6° C died. When no 
anesthetic vapors were present, the 41* C endpoint 
for exogenous heat was not reached in the 2-hour 
exposure. Arrow on abscissa indicates time at which 
heating blankets were turned off in experiment 7. 


in experiment 7 were Fischer 344 rats ex- 
posed to sevoflurane in a heated chamber 
without soda lime, whereas those in experi- 
ment 4 were not exposed to anesthetic 
vapors of any kind. The temperature of the 
phenobarbital-treated rats in both experi- 
ments was usually several 10ths of a degree 
higher than that measured in the control 
animals. 


After the heating blanket was turned off, 
body temperature in phenobarbital-treated 
animals continued to rise, reaching a mean 
peak value of 41.6? C. Animals with tem- 
peratures in excess of the mean value died. 
Body temperature of control rats peaked at 
approximately 40.7? C, 30 minutes after 
the heating blankets were turned off; these 
animals invariably survived with no appar- 
ent adverse effects. When both control and 
phenobarbital-treated rats were maintained 
in a heated cage, without anesthetic vapors 
(experiment 4), neither group reached a 
temperature of 41? C during the 2-hour ex- 
perimental period, after which time the 
animals were removed from the chamber. 


Fischer 344 rats exposed to enflurane (fig 
4) had a fate similar to that of those ex- 
posed to sevoflurane (fig 3). Exposure to 
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Fic 4. Rectal temperature response in Fischer 344 
rats exposed to 0.4 percent enflurane (experiment 
10) or no anesthesia (experiment 4). Phenobarbital- 
treated animals had a mean peak temperature of 
41.8°C. Of these animals 8/10 died. Arrow on 
abscissa indicates time at which heating blankets 
were turned off in experiment 10. 


methoxyflurane resulted in fewer deaths 
than after either sevoflurane or enflurane 
treatment, whereas halothane (fig 5) and 
isoflurane treatment resulted in no adverse 
effects. Among the other rat strains, Sprague- 
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FiG 5. Rectal temperature response in Fischer 
344 rats exposed to 0.25 percent halothane (experi- 
ment 13) or no anesthesia (experiment 4). Pheno- 
barbital-treated animals had a mean peak tempera- 
ture of 41.2: C. All animals survived halothane 
exposure with no apparent adverse effects. Arrow 
on abscissa indicates time at which heating blankets 
were turned off in experiment 13. 


13 


Dawley rats were as sensitive to the toxic 
effects of the phenobarbital-sevoflurane com- 
bination as Fischer 344 rats; Brattleboro 
and Wistar rats were less sensitive. Under 
no conditions were mice or guinea pigs 
affected. In none of the experiments did 
ambient temperature in the anesthetic cham- 
ber exceed 39? C. 


DISCUSSION 


These experiments indicate that pheno- 
barbital treatment in combination with sevo- 
flurane, enflurane, or, to a lesser extent, 
methoxyflurane results in a loss of thermo- 
regulatory ability. The combinations of halo- 
thane-phenobarbital and isoflurane-pheno- 
barbital do not result in this defect. Mam- 
mals normally possess efficient mechanisms 
for regulation of body temperature against 
extreme changes in ambient temperature. 
This represents a balance between heat pro- 
duction by metabolism and muscular work 
and heat lost to the environment. Heat loss 
occurs in a variety of ways: (a) radiation, 
convection, and conduction; (b) evaporation 
of water; (c) raising the temperature of 
inspired air to that of body temperature; 
(d) excretion of urine and feces. 


Administration of volatile anesthetics is 
most often associated with a decrease in 
body temperature, thought due to vasodila- 
tion and to loss of heat by radiation. In 
many previous experiments in our labora- 
tory in which Fischer 344 rats were anes- 
thetized with either methoxyflurane,* * halo- 
thane,* enflurane,® or isoflurane,* with car- 
rier gas flows of 6 to 10 L/min without soda 
lime, we observed a fall in rectal tempera- 
ture of 0.5 to 1? C/hr. For this reason, heat- 
ing mattresses were incorporated into the 
experimental apparatus. We did not con- 
sider that the heat generated by soda lime 
would be a significant factor in the design 
of the experiments. 


Under normal conditions, rats and other 
mammals are able to withstand ambient 
temperatures in excess of 40? C without 
difficulty. However, under the conditions 
of these experiments, rats treated with phe- 
nobarbital and exposed to sevoflurane, en- 
flurane, or methoxyflurane did not tolerate 
even lower temperatures. Guinea pigs and 
mice were not affected, nor were rats that 
were not treated with phenobarbital. The 
thermoregulatory defect does not appear to 
be related to excessive depth of anesthesia. 
Rats treated with phenobarbital did not 
have significantly different waking times or 
time to return of righting reflex compared 
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to untreated rats. In addition, the thermo- 
regulatory defect occurred with some but 
not all anesthetics. Thus, it appears that the 
defect relates to interaction of phenobarbi- 
tal with specific anesthetics at a thermoregu- 
latory center. The defect appears to be 
genetically determined, as it was not present 
in all of the species studied, and there were 
differences in the extent of involvement 
among rat strains. 


When these experiments were initiated, a 
specific toxic interaction of sevoflurane, phe- 
nobarbital, and soda lime was suspected. 
'That the response was not specific to sevo- 
flurane became obvious when enflurane and 
methoxyflurane were also associated with 
the thermoregulatory defect. The contribu- 
tion of soda lime to the toxic response was 
most likely only that of a heat source. The 
closed environment of the chamber per- 
mitted accumulation of H.O and CO., both 
of which readily reacted with soda lime to 
produce heat. When soda lime was not 
present in the chamber, exogenous heat 
could be substituted as a contributory fac- 
tor in the production of the thermoregula- 
tory defect. 


'The defect does not appear to be related 
to formation of a toxic metabolite. Sevo- 
flurane and enflurane differ significantly in 
their structures, and their metabolites are 
different with the exception of inorganic 
fluoride. Halothane is extensively metabo- 
lized, but its administration did not result 
in the defect. Isoflurane administration also 
did not result in a thermoregulatory defect; 
it is only slightly metabolized. Methoxyflu- 
rane, the most metabolized of the inhalation 
anesthetics, produced a minor defect com- 
pared to that caused by sevoflurane and 
enflurane. 


Since enflurane and methoxyflurane pro- 
duced the same thermoregulatory defect in 
rats as sevoflurane and are not associated 
with thermoregulatory problems in clinical 
situations, we conclude that these studies 
do not contraindicate the further investiga- 
tion of sevoflurane in patients. 
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Guest Discussion 


RICHARD F. WALLIN, DVM, PhD 
Pharmacologic Research 
Baxter-Travenol Laboratories, Inc. 
Morton Grove, Illinois 


Dr. Hitt and his colleagues have made 
some very interesting observations on an 
apparent interaction between phenobarbital, 
certain inhalational anesthetic agents, and 
environmental temperature. The opportu- 
nity for these factors to interact occurs with 
sufficient frequency in man that a consid- 
erable search was made for an explanation. 
The findings reported here indicate that ad- 
verse effects occurred with at least 3 dif- 
ferent inhalational agents. Two of these 
have been used extensively in man under a 
wide variety of conditions. The frequency of 
their use in heat-stressed, phenobarbital-pre- 
treated patients is, of course, unknown. 


Experiments in our laboratories have done 
little to help explain the phenomenon. In 
fact, we have found that pretreatment with 
phenobarbital, and anesthesia with enflu- 
rane, methoxyflurane, or sevoflurane in a 
heated chamber, is lethal only when cham- 
ber temperatures are reached which also kill 
unmedicated rats. However, the effect re- 
ported by Dr. Hitt seems very reproducible, 
and the possibility of some unrecognized 
but critical 4th factor must be considered 
in addition to phenobarbital, inhalational 
agent, and heat. 


Studies of heat tolerance in animals have 
shown that there are significant differences 
among species. Rectal temperature was 
found to be the best single indicator of 
approaching death in animals exposed to 
hot environments.! Maximal rectal tempera- 
tures tolerated in 50 percent of groups of 
animals for even a brief period ranged from 
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a high of 43.4? C in the rabbit and cat to 
41.7? C in the dog. The median lethal tem- 
perature in the rat was 42.5? C, nearly a 
full degree higher than the peak tempera- 
tures reported by Dr. Hitt. Despite this 
range in heat tolerance, the literature re- 
ports that delayed death has been common- 
ly observed in a number of species within 
1 to 20 hours following removal of animals 
from a hot environment. Delayed death was 
a consistent observation in Dr. Hitt's work. 


Pharmacologists have long recognized 
thas environmental temperature is critical 
in the determination of drug effects, espe- 
cially in rodent species. The effect of tem- 
perature on the action of drugs has been 
extensively reviewed at least twice in recent 
years.?? Some of this literature is particu- 
larly helpful in evaluating the studies just 
reported. 


Shemano and Nickerson‘ showed that, for 
a variety of drugs, there is a critical envi- 
ronmental temperature above which the 
drug produces a rise in body temperature 
and below which it produces a fall. In rats, 
this temperature ranged from 20 to 36° C 
for the different compounds studied. This 
critical temperature depends upon relative 
drug effects on heat production and heat 
loss. Dr. Hitts data indicate that rectal 
temperatures rise higher in phenobarbital- 
pretreated, anesthétic-exposed rats than in 
control rats maintained in the same heated 
chamber. 'This may represent an interaction 
between phenobarbital and the anesthetic 
agent, producing a critical temperature dif- 
ferent from that of either drug alone which 
results in lethal hyperthermia under the 
conditions of the experiment. Further stud- 
ies could be designed to test this explana- 
tion directly and to determine whether each 
inhalational agent in combination with phe- 
nobarbital produces a unique critical tem- 
perature. 


Based upon the report under discussion 
and on work performed in our laboratories, 
I would like to make the following com- 
ments and conclusions: 


1. Phenobarbital, elevated temperature, 
and inhalational anesthetic agent (even at 
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subanesthetic concentrations) are all re- 
quired in combination to produce the re- 
ported thermoregulatory defect. None of the 
three alone, or in pairs, produces the same 
effect. 


2. At least 3 inhalational agents can com- 
bine with elevated temperature and pheno- 
barbital pretreatment to produce the effect. 


3. Of the several species tested, only the 
rat appears susceptible, although several 
strains of rats were affected. 


4. Muscular rigidity, which sometimes 
accompanies malignant hyperpyrexia, has 
not occurred in these studies. 


5. At least 1 laboratory has tried unsuc- 
cessfully to reproduce the thermoregulatory 
defect in the rat. 


Sevoflurane is a new inhalational anes- 
thetic agent with considerable potential as 
a clinically useful drug. Over the past sev- 
eral years, we have examined sevoflurane 
under a wide variety of experimental condi- 
tions in an effort to establish its safety for 
eventual use in man.? Dr. Hitt and his col- 
leagues have participated in these studies 
and, after making preliminary observations 
on a potential adverse effect in rats, pro- 
ceeded with a very logical plan to establish 
the importance of that observation. Their 
present findings indicate that sevoflurane 
does not have unique effects on the thermo- 
regulatory mechanism of the rat. 
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A PSRO Record-Keeping System for Anesthesiologists 


ALAN W. GROGONO, MD, FFARCS* 
PETER B. KANE, MD? 


Syracuse, New York: 


To meet the requirements for Professional 
Standards Review Organization (PSRO) audit- 
ing, a new anesthesia record-keeping system 


Te introduction of Professional Stand- 
ards Review Organization ( PSRO) aud- 
iting led us to redesign our departmental 
record-keeping system, to make both audit- 
ing and record keeping more efficient. Rec- 
ommendations by the American Society of 
Anesthesiologists (ASA)! provided a basis 
for meeting such audit requirements. 


As first steps, relevant ergonomic litera- 
ture on form design was reviewed and record 
forms from 10 hospitals were collected and 
examined. The hospital forms showed con- 
siderable agreement on the information re- 
quired but wide variation in appearance and 
layout (tables 1, 2). Recovery data called 
for was frequently limited to insertion of 
an isolated blood pressure and pulse rate or 
to checking a word such as “Retch, Vom, 
Excit, Aspir.” Space available for observa- 
tions was often limited to about 3 cm square 
(or less!) called “Emergence.” 


Only one of the systems reviewed had a 
separate recovery form. This sheet included 
a graph and sections for “Remarks,” fluid 
balance, medications, airway, patient's con- 
dition, skin, and complications. Observations 
recorded during recovery could, however, be 
compared to those made during anesthesia 
only with difficulty because the recovery 
and anesthetic graphs were printed back to 
back and at different heights and sizes. 


* Associate Professor of Anesthesiology. 


*Associate Professor of Anesthesiology. 


was designed. The forms are also well adapted 
for use in an anesthesia teaching department. 


Anesthesia graphs varied widely in lay- 
out, in darkness of printing, and in preci- 
sion of spacing. Principal horizontals and 
verticals were indicated by wider lines but 
even so, they were often indistinguishable 
from the rest. Every 3rd vertical line was 
usually emphasized for the time scale. There 
was no such uniformity about the pattern 
used for the horizontal lines. Graphs ranged 
from a dazzling and accurate array of close- 
ly spaced black lines dominating the page 
to an attractive pattern of almost parallel 
pale green lines having an excellent distinc- 
tion between the thickness of the major and 
minor lines. 


In one case, the lines were unevenly 
spaced and the interval between adjacent 
vertical lines varied by more than 200 per- 
cent. Horizontally, emphasis in some graphs 
was placed on lines 40, 80, 120, ete, which, 
in consequence, meant that 100 was a minor 
line and 200 was a major line. The numeri- 
cal progression more commonly used to 
label the horizontal lines was 0, 20, 40, 60, 
up to 220 or 250. Since the anesthetic record 
graph usually extends from 0 to 250, design 
in accord with ergonomic text recommenda- 
tions?* would place major subdivisions at 
0, 50, 100, 200, and 250 lines. By emphasiz- 
ing these lines and providing 4 intervening 
subdivisions, the familiar grid emerges with 
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TABLE 1 


Information Requested on Preanesthetic Assessment Forms from 
10 Hospitals 


in a* least half the forms 
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Patient identification data 
(Name, age, number, race, sex) 
Date 

Diagnosis 

Proposed surgery 

Height 

Weight 

Previous anesthetie details 
ASA status 

Permit 

Hemozlobin 

Temperature 

Pulse 

Blood pressure 


Premedication 


in fess than half the forms 
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Room number 

Social security number 

Urinalysis 

Hematocrit 

White cell count 

“Other blood chemistry” 

Units blood ordered 

Respiratory assessment 
Respiration rate 

Cardiovascular assessment 

Central nervous system assessment 
Preferred anesthetic 

Head, neck, mouth, eyes assessment 
Intubation assessment 
Gastrointestinal assessment 

ECG 

Smoking and drinking habits 
Estimate of blood volume 


Dental condition 
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TABLE 2 
Information Requested on Anesthesia Record Forms from 10 Hospitals 


In at least half the forms 
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Patient identification data 
Date 

Effect of premedication 
Agents used 

Record of times of events 
Blood pressure record 
Pulse record 

Respiration rate 

Airway management 
Ventilator 

Operation 

Surgeon 
Anesthesiologist 


in less than half the forms 
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Operating-room number 
Estimated blood loss 
Sponge count 

Intravenous site and needle 
Regional block details 
Central venous pressure 
Tourniquet times 
Temperature 
Complications 





minor lines at 10, 20, 30, etc. This design 
avoids the heavy obfuscating grid of dark 
lines and provides an ergonomically accept- 
able numerical progression. 


The time scale also requires major divi- 
sions to facilitate locating times at a glance. 


A major line every quarter of an hour ac- 
cords with common practice in anesthesia 
and makes the graph easy to scan. 


DESIGN 


The requirements of PSRO and of our 
staff indicated the need for 3 separate 
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DEPARTMENT OF ANESTHESIOLOGY 
STATE UNIVERSITY OF NEW YORK 
UPSTATE MEDICAL CENTER 


PRE-ANESTHETIC ASSESSMENT 





Sumerery and Pian: 


fremed: 


aUe 


MD. 


Signed: 


Fic 1. Pre-anesthetic Assessment Form. 


forms, one each for Pre-anesthetic Assess- 
ment (fig 1), for the Anesthesia Record 
(fig 2), and for the Recovery Room Record 
(fig 3). The assessment form was designed 
to encourage the insertion of most of the 
data listed in table 1; some of the items 
were grouped and referred to collectively: 
e.g., “Physical Examination," and “Relevant 
Laboratory Findings.” The Anesthesia Rec- 
ord and Recovery Room Record were de- 
signed to have similar graphs, to facilitate 
comparison. To achieve an uncluttered ap- 
pearance for the graph, the position of minor 
lines was represented by only a fine dot at 
every intersection. Space was provided be- 
low the graph to allow comments to be 


written in line with the appropriate time. 
The Pre-anesthetic Assessment form and 
the remaining sections of the other 2 forms 
were laid out as labeled boxes for the in- 
sertion of data. 


Trial forms were prepared and twice 
modified in the light of experience before 
being finally printed. Each form is printed 
on self-copying paper to yield 3 copies: one 
for patient’s chart, one for operating-room 
records, and one for research purposes. 


RESULTS 


To evaluate the whole system, a PSRO 
audit was performed on the records of 261 
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ANESTHESIA RECORD 


Date: Sheet No. 
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Status Entering O. R. 


Status Entering Recovery Room l 


Fic 2. Anesthesia Record. 


consecutive patients; omissions are recorded 
in table 3. The audit was completed by 1 
secretary in 5 hours. This rapid audit was 
made possible because the location of each 
recommended audit item was standardized. 
It proved impractical to perform a compar- 
able audit of earlier departmental anesthetic 
records because of the time required and 
the training needed. Currently, the PSRO 
audit consists of a review for a 2-week peri- 
od, in which every anesthetic record is sub- 
ject to examination. 


DISCUSSION 
Use of 3 separate forms obviates the need 
to place information on the back of any 
form; therefore, the complete record can be 


seen at one time. Minimal repetition is re- 
quired; observations made during recovery 
are readily compared with those made ear- 
lier. This system necessitates the use of 
large clipboards. In the recovery room, a 
treble clipboard hangs conveniently on the 
stretcher rail; a double board is used in the 
operating room, although there is, as yet, 
no entirely satisfactory place to hang it. 


The use of dots to indicate the intersec- 
tion of minor lines on the graph is a simple 
and effective alternative to the use of thin- 
ner, or paler, lines. The major lines stand 
out clearly, making it easy to identify times 
and values. Similarity in design and posi- 
tion of the Recovery and the Anesthesia 
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Fic 3. Recovery Room Record. 


graphs makes changes in the patient’s con- 
dition easy to recognize. 


Placing the space for written comments 
below the graph offers the anesthesiologist 
the choice either of writing his notes verti- 
cally opposite the appropriate time, using 
an arrow for precision, or of indexing his 
notes, e.g., numerically. Therefore, the whole 
width of the page is available for the graph; 
a span of 3 hours can be printed without 
undue compression. 


The space allowed for agents and fluids 
appears limited, but experience with even 
the most complex cases shows that it is, in 
fact, adequate. This is because encroach- 
ment on the top or bottom of the graph 


section allows notes on extra drugs and 
fluids to be inserted. The alternative solu- 
tion of printing extra lines would have re- 
duced the space for written comments. 


Several features have been incorporated 
in the design of the system to encourage 
completion of the record. The “boxes” tend 
to compel the writer to complete every item. 
At each of the 3 stages, the anesthesiolo- 
gist’s signature is required; thus, he certi- 
fies that the data meet his approval and are 
complete. The preanesthetic assessment is 
signed prior to the induction of anesthesia, 
indicating that the anesthesiologist is fa- 
miliar with the patient’s preoperative con- 
dition. The recovery staff expect a signed 
anesthetic record and they obtain a final 


Record-Keeping System ... Grogono and Kane 
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signature before discharging the patient. 


TABLE 3 
PSRO Audit for 2 Weeks With New Forms The imposition of this routine on the mem- 
bers of the department has proved an ac- 
Number of staff 10 ceptable method of encouraging completion. 
Number of cases 261 oh 
Omissions REFERENCES 
Preanesthetic evaluation 16 1. American Society of Anesthesiologists House 
Physical status 18 of Delegates: Guidelines for Peer review in anes- 
poe : 3 thesiology; 1973 
Fluids = 7 2. Murrell KFH: Ergonomics. London, Chap- 
e s ^ man and Hali, 1965 
Monitorin Fd 
. S 5 3. VanCott HP, Kinkade RG: Human Engineer- 
Technie 18 ing Guide to Equipment Design. Washington, Amer- 
g 
Status leaving OR 56 ican Institutes for Research, 1972 
Postanesthesia surveillance 4 4. Woadson WE, Conover DW: Human Engineer- 
EEE E EEE E E * 7 ing Guide for Equipment Designers, Berkeley, Uni- 








versity of California Press, 1964 
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_a preanesthetic medication. (Conner JT, Parson N, Katz RL et al: 


LORAZEPAM VS PENTOBARBITAL. Intravenous.lorazepam (2 to 4 mg) or pen- 
tobarbital (50 or 100 mg) were administered in a double-blind study to 128 patients. 
Relief of anxiety, sedation, depression of recall and patient acceptance were evaluated. 
All responses were dose-related àrd judged to be superior with lorazepam. Patient 
acceptance was 79 percent for lorazepam 4 mg and 38 percent for pentobarbital 100 mg. 
Failure to recall the anesthesia mask or recovery room was present in nearly 80 
percent receiving the high dose of lorazepam and in less than 40 percent after 100 mg 
pentobarbital. Lorazepam may be particularly useful for preanesthetic medication 
as it interferes with recall, appears to produce little or no ventilatory depression, 
provides good anxiety relief and achieves high patient acceptance. Despite its rapid 
onset intravenously the prolonged. effect (amnesia for 24 hours) may limit its use as 
Evaluation of 
lorazepam and pentobarbital as surgical premedicants, Clin Pharm Ther 19:24-29, 1976) 
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The Influence of Succinylcholine on the Duration 
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ancuronium Neuromuscular B 





lockade 


LEONARD F. WALTS, MD* 
WILLIAM D. RUSIN, MDf 


Los Angeles, Californiat å 


Question has been raised as to whether the use 
of succinylcholine (SCh) to facilitate endotra- 
cheal intubation might influence the duration 
of subsequently used pancuronium. The authors 
studied the duration of pancuronium in 67 
adult patients by measuring muscle response 


I: IS common practice for the anesthesi- 
ologist to administer more than 1 type 
of neuromuscular blocking agent to a single 
patient. Often, succinylcholine (SCh) is 
given to facilitate tracheal intubation and a 
nondepolarizing relaxant is used for the sub- 
sequent anesthesia maintenance. Since de- 
polarizing and nondepolarizing relaxants 
produce neuromuscular blockade by differ- 
ent and opposing mechanisms, questions 
have been raised as to how the use of one 
might modify the effect of the other. 


Walts and Dillon,! studying the influence 
of SCh on the subsequent effect of d-tubo- 
curarine, measured the duration of d-tubo- 
curarine in 120 patients given a nondepolar- 
izing relaxant either alone or after various 
stages of recovery from SCh. They found 
that prior use of SCh had no statistically 
significant effect on d-tubocurarine duration. 


Subsequently, this problem was studied 
by Katz.?3 Combining data from 2 different 
studies, he reported that twitch tension was 
more depressed and duration of action was 
prolonged when pancuronium was given 20 
minutes after SCh block. These differences 


*Professor. 


+Assistant Professor. 


to nerve stimulation. Thirty-seven of these pa- 
tients were given prior SCh while the remain- 
ing 30 were not. No significant difference in the 
duration of pancuronium block was found be- 
tween these 2 groups. 


were significant at a 1 percent level of con- 
fidence. Although the studies of Walts and 
of Katz differed in such respects as choice of 
nondepolarizing relaxant and background 
anesthesia, we believe that the primary ques- 
tion of whether SCh effects the duration of 
subsequent nondepolarizing relaxant re- 
mains open. We, therefore, have undertaken 
another study in an attempt to answer this 
question. 


MATERIAL AND METHODS 


Sixty-seven adult patients were included 
in our study. We did not study patients un- 
dergoing cardiovascular operations, with se- 
vere renal disease, or with neuromuscular 
disorders. 


Patients were premedicated with narcotics 
and tranquilizers, usually including mor- 
phine (5 to 10 mg) and diazepam (5 to 10 
mg). Anesthesia was induced with thiopen- 
tal and maintained with N,O-O, and IV 
morphine sulfate, meperidine HCI, or fen- 
tanyl citrate. Tracheal intubation was facili- 
tated by using either SCh (1 mg/kg) or 
pancuronium (0.05 mg/kg). The decision to 


iDepartment of Anesthesiology, UCLA School of Medicine, Los Angeles, California 90024. 
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Duration of Pancuronium Blockade . 


use or not use SCh was randomly | ede 
Patients given SCh were allowed to recover 
fully from their depolarizing block and then 
given pancuronium (0.05 mg/kg). The in- 
terval between relaxants ranged from 15 to 
20 minutes. Ventilation was controlled by a 
mechanical ventilator, to maintain CQ, 
within normal limits. 


Neuromuscular block was monitored by 
supramaximally stimulating the ulnar nerve 
at the wrist at a frequency of 1/3.5 see with 
a biphasic 5-msec stimulus. The addiction 
force of the adductor pollicis muscle was 
established by taping on a force transducer, 
described elsewhere,* and recording the out- 
put signal on a Brush recorder. Twitch ten- 
sion was established before the use of mus- 
cle relaxants. 


In every study, pancuronium reduced 
twitch tension to zero. Ten of the patients, 
who showed a rapid recovery, were allowed 
to recover spontaneously to 50 and 90 per- 
cent of control. The block produced in the 
remaining 57 patients was antagonized by 
an anticholinesterase drug prior to 50 and 
90 percent twitch tension recovery. Thus, 
in these patients, duration data to 10 per- 
cent recovery alone was obtained. 


We compared the data for durations to 
the various endpoints in the patients who 
received SCh before pancuronium and those 
who did not. A Wilcoxin rank sum test was 
used to analyze the data, the nonparametric 
test being chosen because of the ey 
of the data. 


RESULTS 


Thirty-seven patients were given SCh 
(mean 67 mg) before pancuronium (mean 
3.3 mg) block. Thirty patients not given 
SCh received an average of 3.49 mg of pan- 
curonium. 


Results in the 10 patients allowed to re- 
cover spontaneously to 90 percent of con- 
trol twitch tension (table 1) showed that 
prior use of SCh shortened average duration 
of pancuronium effect. Despite the large dif- 
ferences in the mean, however, these differ- 
ences were not statistically significant 
(p»0.05). | 


In the 57 patients in whom time to 10 per- 
cent spontaneous recovery was compared 
(table 2), the 25 patients who did not re- 
ceive SCh averaged nearly 40 minutes to 10 
percent recovery. Patients given SCh re- 
quired an average of 43 minutes to reach 
this endpoint. This difference was not sta- 
tistically significant (p»0.05). 


. Walts ana Rusin 


TABLE 1 
Duration Studies to 90 Percent Recovery 





min 


90 percent recovery, 


50 percent recovery, 
min 


min 


10 percent recovery, 


Dose pancuronium, 
0.05 mg/kg 
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Dose succinylcholine, 


Number of 
patients 


——————————Q 


72.1 2c 27 


29.1 + 6.4 


3.7 + 0.62 


Pancuronium alone 


(55-119) 


(22-37) 


33.9 + 8.6 53.0 + 13.5 


4 
t 


21.5 + 5.4 


2.9 + 0.4 


68 - 11 





Suceinylcholine prior to 


pancuronium 
Mean «+ SD (range). 


p values for difference in recovery durations are greater than 0.05. 
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TABLE 2 
Duration Studies to 10 Percent Recovery 


snc ERRARE 





Number of 
patients 
Pancuronium alone 25 
Succinylcholine prior to 32 


pancuronium 








Dose Dose 10 percent 
. Ssuccinylcholine, pancuronium, recovery, 
1 mg/kg 0.05 mg/kg min 
0 3.47 + 0.61 39.9 + 19.7 
(18-99) 
66.9 + 12 3.42 + 0.6 43.1 + 16.4 
(19-90) 


—— M M M M Á 


Mean + SD (range). 


p values for difference in recovery durations are greater than 0.05. 


DISCUSSION 


The duration of action of any drug de- 
pends on the yardstick used for measure- 
ment. Variable answers will be obtained if 
duration is defined in terms of ability to 
detect drugs in the blood stream or in terms 
of a drug's ability to alter a measurable 
physiologic function. A drug that alters sev- 
eral physiologic functions of dissimilar sen- 
sitivity will yield a multiplicity of durations. 
Although similar physiologic functions may 
be measured when studying the duration of 
neuromuscular blocking drugs, factors such 
as technics of measurement, patient physi- 
ologie status, and general anesthetic admin- 
istered will also influence the results. 


Most investigators measure relaxant dura- 
tion by estimating muscle recovery from 
paralysis, choosing such endpoints as clini- 
cal estimate of the need for more drug, 
recovery of ventilation, and recovery of 
muscle function in response to motor nerve 
stimulation.! Measurements of response to 
nerve stimulation generally yield more ac- 
curate information, since the need for re- 
laxation and the return of ventilation are 
influenced by factors other than neuromus- 
cular blockade. 


Technics described for the measurement 
of muscle response to nerve stimulation in- 
clude responses to train-of-4 stimulation,? 
to tetanic stimulation at various frequen- 
cies,” and to single shocks at various fre- 
quencies. Again, each measurement technic 
may give a different duration. Any study 
that reports duration must describe how that 
duration was obtained. The reader should 
understand that the duration of relaxants 
stated by the author can be reproduced 
only when identical conditions exist. 


Generally speaking, more useful clinical 
information can be obtained when data from 
2 or more similarly conducted studies are 
compared. For example, it has been shown 


* 


that: (a) gallamine duration will be longer 
when a patient is hypocarbic as compared 
to normocarbic;!? (b) curare has a longer 
duration when used with enflurane than 
when used with halothane;!! (c) SCh given 
after hexafluorenium has a longer duration 
than SCh given alone.!? 


In answering the question at issue in this 
study, whether the duration of pancuronium 
action is longer when given after SCh than 
when given alone, we have found the dura- 
tions to be similar; Katz has not. 


Our experimental technic differed from 
that of Katz with regard to pancuronium 
dose and method of recording. We used pan- 
curonium (0.05 mg/kg), a dose close to the 
clinical; Katz gave his patients 0.02 mg/kg. 
By choosing the smaller dose, he was able 
to obtain data on twitch depression as well 
as duration. In both studies, the muscle- 
relaxant effect was evaluated by measuring 
the force of thumb adduction. However, the 
transducer used in these 2 studies differed. 


Each study has an internal consistency. 
Within each study, the same dose and the 
same recording method was used.* Thus, 
the differences in pancutonium duration 
with and without prior SCh should reflect 
only the influence of SCh on pancuronium 
duration. 


Since the difference in results obtained by 
Katz and ourselves cannot easily be ex- 
plained on the basis of experimental design 
or data collection, we are hesitant to con- 
clude that SCh does not effect pancuronium 
duration. We prefer that the question re- 
main open. It is our hope that others will 
be inclined to repeat these studies, since 
only through further investigation will this 
puzzling question be resolved. 


*Katz’s findings were reported in 2 papers published 
6 months apart. The data, however, were collected 
during a single period of time using the same 
technic. 
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ALLEN TEST. The authors evaluated the continuity of the palmar arch as assessed 
by the standard Allen test with or without instruction for proper hand position as 
well as by the Doppler Ultrasonic velocity detector. Ninety-three of 128 subjects (73 
percent) showed a defect in hand reperfusion following performance of the standard 
Allen test. When the subjects were instructed not to hyperextend the fingers or wrist 
(modified Allen test) all but 1 had normal capillary refilling after release of the radial 
or ulnar artery. This single patient did not have a palpable radial artery. Doppler 
ultrasound provided results identical to those of the modified Allen test. Hyperexten- 
sion of the fingers or wrist may result in excessive palmar fascia tension and produce 
impaired cutaneous microcirculation. The possibility of false-positive diagnoses may 
result when a person hyperextends the test hand. Indeed, a previous study found that 
44 percent of normal patients spontaneously hyperextended their hand. (Kamienski RW, 
Barnes RW: Critique of the Allen test for continuity of the palmar arch assessed by 
Doppler ultrasound. Surg Gyn Ob 142 :861-864, 1976) 
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During Thoracotomy 
to the Dependent Lung 





In 22 patients during thoracotomy in the lateral 
position, the effects of selective positive end- 
expiratory pressure (PEEP) to the dependent 
lung while simultaneously ventilating the non- 
dependent lung at zero end-expiratory pressure 
(ZEEP) on (1) inspired O: concentration re- 
quired to maintain adequate Pao. during thora- 
cotomy and (2) alveolar-arterial oxygen differ- 
ence (AaozD) while breathing 100 percent O: 


Å prevare oxygenation during thoracot- 
omy in the lateral position may be- 
come difficult to maintain due to reduction 
in the arterial oxygen tension (Pao.). 
Therefore, it may become necessary to use 
high inspired O, concentrations. This not 
only reduces the choice of anesthetic agents 
but, if the reduction in Pao, is due to ab- 
sorption atelectasis of the dependent lung, it 
may be associated with postoperative hy- 
poxemia. 


The reduced Pao, and the associated in- 
creased alveolar-arterial O, differences 
(Aao.D) are due to ventilation:blood flow 
maldistribution and pulmonary arteriove- 
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at the end of thoracotomy were examined and 
compared to ventilation of both lungs at ZEEP. 
Selective PEEP to the dependent lung resulted 
in adequate Pao; with a lower inspired O; con- 
centration (44 + SD 6% versus 70 + SD 21%), 
and a smaller Aao;D while breathing 100 per- 
cent O. 189 + SD 31 versus 342 + SD 69 torr) 
at the end of thoracotomy. 


nous shunts. The Aao.D due to shunt is 
increased when the mixed venous O., con- 
tent is reduced in association with an in- 
adequate cardiac output. The majority of 
studies have shown that during anesthesia 
pulmonary arteriovenous shunt is the major 
cause of the increased alveolar-arterial oxy- 
gen differences.!.? 


During thoracotomy in the lateral posi- 
tion, gravity causes the blood to flow pre- 
dominantly to the dependent lung. This 
combined with the following factors which 
reduce ventilation to the dependent lung 
results in ventilation:blood flow maldistribu- 
tion and shunt. First, in association with the 
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reduction in the end-expiratory volume, 
which in the lateral position is most marked 
in the dependent lung, there is a reduction 
in the proportion of ventilation going to the 
dependent lung. This is comparable to a 
person inspiring from below his functional 
residual capacity (FRC) when the ventila- 
tion during tidal breathing goes predomi- 
nantly to the upper zones.?5 Airway clo- 
sure in the dependent part of the lung re- 
quires greater pressure to ventilate the de- 
pendent than the other lung. Second, there 
is also evidence that during muscle paralysis 
and controlled ventilation, loss of diaphrag- 
matic force reduces ventilation to the de- 
pendent lung.” Further contributions to pul- 
monary arteriovenous shunt result from 
compression of areas of the nondependent 
lung during surgical manipulation. 


'Theoretically, if loss of the end-expira- 
tory volume of the dependent lung were a 
major factor in contributing to the maldis- 
tribution of ventilation, absorption atelec- 
tasis in the dependent lung, and the ob- 
served pulmonary arteriovenous shunt, then 
maintaining the end-expiratory volume of 
the dependent lung should prevent these 
changes. We tested this hypothesis by con- 
structing a circuit which, together with a 
Carlens double-lumen endobronchial tube,*:? 
applied 10 cm H,O of positive end-expira- 
tory pressure (PEEP) to the dependent 
lung and allowed the nondependent lung 
to be ventilated with the same ventila- 
tor but at zero end-expiratory pressure 
(ZEEP). The effect of this circuit on Paos, 
Aao.D, and inspired O, concentration re- 
quired to maintain safe oxygenation were 
examined in patients undergoing thoracot- 
omy in the lateral position for pulmonary 
and esophageal surgery. 


METHODS 
The circuit (figure) consists of 2 com- 
mon inspiratory path for both lungs and 
for expiration of the nondependent lung, a 
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FiGUnE. Schematic of circuit used to apply selec- 
tive PEEP to dependent lung while ventilating non- 
dependent lung with ZEEP. 
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TABLE 1 


Physical Characteristics of Patients 
and Duration of Operation 








Group | Group ii 
PEEP to ZEEP to 
m. d lependent lung , both lungs 
n Mean and SD Mean and SD 
Age, years 56 (+ 7.8) 54 (+ 8.0) 
Weight, kg 73.9 (2211.4) 66.9 (+ 7.1) 
FEV,/VC, percent 61 (+15) 67 (+11) 
Duraticn of 6.4 (+1.25) 5.75 (+ 1.1) 


surgery hours 


one-way valve separating expiratory flow of 
each lung, and a 10 cm H,O “dead weight" 
PEEP.* The circuit was used with a Car- 
lens doukle-lumen endobronchial tube,*? 
and a stardard circle system with CO, ab- 
sorber anc. a ventilator.t 


The cireuit for each lung was tested by 
ventilating a Manley test lungt having 
ranges of 2ompliance and resistance, and at 
ranges of flow and volume encountered in 
adult thoracic surgery. 'The circuit was reli- 
able. The volume of the circuit is 50 ml; it 
does rot cause any significant increase in 
dead space, and the resistance to air flow of 
the common inspiratory and expiratory limb 
of nondependent lung is negligible. During 
clinical use, insertion of the circuit into the 
anesthesig breathing circuit and onto the 
Carlers catheter did not cause any increase 
in the inflating pressures. 





Twenty-two patients were studied during 
thoracotomy in the lateral position for re- 
sective pulmonary surgery (20) and Belsey 
hiatal hernia repairs (2). 'The patients were 
randomly divided into 2 groups: group I, 
experimental, and group II, controls. Groups 
were similar in age, weight, preoperative 
spirometry, and duration of the surgical pro- 
cedure (table 1). Group I patients were in- 
tubated with a Carlens double-lumen endo- 
bronchial tube (39 or 41), and during the 
latera; thoracotomy both lungs were ven- 
tilated ard selective PEEP was applied to 
the deper dent lung with ZEEP to the non- 
dependent lung. Group II patients were 
intubated with a cuffed endotracheal tube 
and both lungs were ventilated with ZEEP. 


*Modei 48€1, Boehringer Laboratories, Wynnewood, 
Pennsylvania. 





+Ventimeter, Air Shields, Inc, Hatboro, Pennsyl- 
vania. 


tBlease Medical Equipment Ltd, Deansway, Ches- 
ham, Unised Kingdom. 
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Both groups were premedicated with di- 
azepam (0.2 mg/kg) and the anesthetic 
agents for the 2 groups were similar, 5 pa- 
tients in each group receiving either halo- 
thane or enflurane in N,O-O, and the re- 
mainder receiving narcotic-relaxant drugs 
with N.O-O.. Both groups were ventilated 
with a similar pattern of large tidal volumes 
(10 to 15 ml/kg), slow respiratory fre- 
quency (8 to 10/min), and with sufficient 
minute ventilation to maintain a normal 
Paco,. 


Throughout operation, temperature, acid- 
base balance, and electrolytes were normal, 
blood loss was replaced as required, and the 
arterial and central venous pressures re- 
mained within the patients’ normal range. 
The urine flow, which was maintained by 
volume replacement, was 50 ml/m? of 
body surface area. Arterial pressure was 
monitored by a pressure transducer and 
arterial blood gases were taken from an 
indwelling radial artery catheter. 


Both groups were initially ventilated with 
30 to 50 percent O, (table 2), and arterial 
blood gases were measured 10 minutes after 
the thoracotomy. During thoracotomy, ar- 
terial samples were taken every 15 minutes 
and the inspired O. concentration was ad- 
justed to maintain a Pao, greater than 100 
torr. After closure of the thoracotomy, es- 
tablishment of underwater drainage, and 
while still in the lateral position, all patients 
breathed 100 percent O. for 10 minutes; then 
arterial blood gases were again measured. 


RESULTS 

Throughout the thoracotomy, the pa- 
tients given selective PEEP to the depen- 
dent lung (group I) were ventilated with 
the same inspired O, concentration. There 
was no significant decrease in the Pao, 
(p>0,05) or increase in Aao.D (p 0.05) 
(table 2). The inspired O. concentration 
was 30 to 50 percent (mean 44 + SD 6%) 
and the mean Pao, during thoracotomy was 
162 + SD 37.9. By contrast, of the patients 
who did not receive selective PEEP to the 
dependent lung, 8/11 required an increase 
in the inspired O. concentration to maintain 
an adequate Pao,. Despite this increase in 
inspired O, concentration, there was a sig- 
nificant decrease in the Pao, (p<0.01). 
Due to the change in the inspired O. con- 
centration in this group of patients, and 
therefore also the alveolar partial pressure 
of O, the Aao,D at the beginning and 
throughout thoracotomy cannot be validly 
compared. Similarly, the Aao.D through- 


out thoracotomy in this group of patients 
cannot be compared to Aao.D throughout 
thoracotomy in the group given selective 
PEEP to the dependent lung. 


DISCUSSION 


Ventilation of both lungs during thora- 
cotomy often results in unacceptable condi- 
tions for surgery, and even ventilation with 
high concentrations of O, may not provide 
a sufficiently high Pao, for oxygenation. 
Ventilation of one lung, the dependent lung, 
while it may improve the operative condi- 
tions, may also result in arterial hypoxemia 
because blood flow continues in the non- 
ventilated nondependent lung.!?.!! Arterial 
hypoxemia has been observed during one- 
lung anesthesia with PEEP to the dependent 
lung.!! Therefore our circuit was designed 
to selectively ventilate the dependent lung 
with PEEP, and at the same time ventilate 
the nondependent lung with ZEEP. We have 
shown that selective PEEP to the dependent 
lung while ventilating the non-dependent 
lung at ZEEP maintains adequate arterial 
oxygen tensions on 30-50 percent inspired 
oxygen concentrations, and was associated 
with stable Pao, and Aao,D's during thor- 
acotomy. Throughout the surgical procedure 
hemodynamics and urine flow were normal. 


Two major factors contribute to Aao.D: 
(1) ventilation-blood flow maldistribution, 
and pulmonary-arteriovenous shunt, and 
(2) decreases in cardiac output. We would 
argue that the changes we observed with 
selective PEEP to the dependent lung are 
largely due to an improvement in the distri- 
bution of ventilation as a result of main- 
tenance of the end-expiratory volume of the 
dependent lung, and the simultaneous pre- 
vention of absorption atelectasis. This, how- 
ever, does not exclude changes in the dis- 
tribution of pulmonary blood flow as a result 
of selective PEEP to the dependent lung. 


Hughes and associates!?.!? have shown 
that low alveolar volumes are associated 
with high extra-alveolar vascular resistance, 
and blood flow is deflected away from these 
zones (zone IV). As a result of reduction 
in end-expiratory volume and absorption 
atelectasis in the dependent lung, areas with 
zone-IV conditions may exist, and during 
the course of a thoracotomy the distribution 
of blood flow to these areas would be re- 
duced. 


Although a decrease in cardiac output has 
been observed following thoracotomy and 
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intermittent positive pressure ventilation 
(IPPV) 14.15 this has not been a consistent 
observation.!? Moreover, a reduction in car- 
diac output would not account for the 
changes observed in this study, because the 
cardiac output would have fallen with the 
application of PEEP.'*.17 Therefore, any 
decrease in cardiac output would have re- 
duced the changes due to improvement in 
ventilation-blood flow relationships. 


In the context of the above argument that 
the reduced Pao, and the increased Aao.D 
largely result from an increase in pulmo- 
nary arteriovenous shunting, a similar inter- 
pretation may be used in examining the 
differences in Aao, D observed while breath- 
ing 100 percent O, at the end of operation. 
However, recent studies using the pulmo- 
nary excretion of inert gases to obtain a con- 
tinuous distribution of ventilation-perfusion 
ratios!?.!? give cause to question the inter- 
pretation of the Aao.D obtained while 
breathing 100 percent O, in this study, and 
in previous studies during anesthesia.!- 


These studies have shown that pulmonary 
arteriovenous shunt is the major contributor 
to the increased Aao.D and that ventilation- 
blood flow maldistribution other than shunt 
is relatively unimportant. In changing from 
air to high concentrations of O», units which 
have critically low ventilation-blood flow ra- 
tios may have effectively no ventilation and 
therefore are measured as shunt on breath- 
ing 100 percent O..!? Therefore by using 
the conventional technics, the contribution 
of pulmonary arteriovenous shunt to in- 
creased Aao.D at lower concentrations of O, 
is overestimated. 


During anesthesia with N.,O-O, mixtures, 
areas of low ventilation-perfusion ratio may 
behave in a similar manner to when receiv- 
ing high concentrations of O., until there is 
equilibration of the alveolar and tissue N.O. 
Due to the low solubility of N.O, equilibra- 
tion is approached during the first 20 min- 
utes of anesthesia, although uptake con- 
tinues at a reduced rate for many hours.?? 
No data are available on the problem of 
overestimation of pulmonary arteriovenous 
shunt and underestimation of ventilation- 
blood flow maldistribution in patients 
breathing N.O during anesthesia. 


Since completion of this study, we have 
used this technic with success for cardio- 
vascular surgery in the lateral position via 
thoracotomy; this included open mitral 
valve commissurotomy or replacement, and 
surgical management of thoracic aortic 


aneurysms. The Carlens tube is used for 
both right and left lung surgery, as we ob- 
served that the bronchial cuff of the White 
tube,?*! which has a slot for the right upper 
lobe bronchus, does not consistently allow 
selective PEEP to be applied to the de- 
pendent lung. 


CONCLUSIONS 


We have demonstrated that a circuit 
which applies selective PEEP to the de- 
pendent lung while the nondependent lung 
is ventilated at ZEEP, when used with a 
Carlens double-lumen endobronchial tube, 
enables ventilation of patients during thor- 
acotomy with 30 to 50 percent O., maintains 
satisfactory Pao., and prevents increases in 
Aao,D during thoracotomy. 
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PSYCHOTROPIC DRUGS. Eight patients taking a variety of psychotropic drugs alone 
Y. or in combination (thioridazine, chlorpromazine, trifluooerazine, mesoridazine, imipra- 
: mine, nortriptyline, amitriptyline) manifested serious cardiac dysrhythmias. Only 2 had 
a history of prior heart disease and 4 were less than 40 years of age. Dysrhythmias 
included bundle branch block, supraventricular tachyeardia, ventricular tachycardia 
and ventricular fibrillation. This study again emphasizes the association between psy- 
chotropie drugs, electrocardiogram changes, cardiae dysrhythmias and sudden death. 
Furthermore these responses may occur in young pati»nts without prior disease and 
with therapeutic doses. Many have emphasized the arrhythmogenic potential of the 
tricyclic antidepressants but in this study a phenotheaz ne, thioridazine (Mellaril) was 
most often associated with dysrhythmias. (Fowler NO McCall D, TeChuan C et al: 
Electrocardiographic changes and eardiac arrhythmice in patients receiving psycho- 
tropic drugs. Am J Cardio 37 :223-230, 1976) 
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The Effect of Spontaneous Versus Controlled Ventilation on the 





Rate of Rise of Alveolar Halothane Concentration in Dogs 
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The rate of rise of the alveolar:inspired halo- 
thane concentration (F./F;) ratio was meas- 
ured in dogs breathing spontaneously. These 
rates were measured at inspired concentrations 
of 0.3, 1.5, and 4 percent. Initially, F./F; rose 
at similar rates for all 3 concentrations, but at 
4 percent, the plateau attained was lower as a 
result of respiratory depression. In a 2nd group 


C LINICAL experience suggests that the 

respiratory depression caused by mod- 
ern inhalational anesthetics is beneficial, 
since it sets a limit to the delivery of agent 
and thereby reduces the possibility of anes- 
thetic overdose. This negative feedback 
mechanism is lost if mechanical ventilation 
is substituted for spontaneous respiration, 
since mechanical ventilation prevents the 
respiratory depression which limits further 
delivery of anesthetic to the lung. Conse- 
quenily, the alveolar anesthetic concentra- 
tion may rise to levels causing cardiovascu- 
lar depression. A decrease in cardiac output 
slows uptake of anesthetic from the lung 
and allows alveolar anesthetic concentration 
to rise further and lead to further cardiac 
depression. The result of this positive feed- 
back is an accelerated rate of anesthetic rise 
and cardiovascular collapse. 


The importance of spontaneous versus 
controlled ventilation as determinants of 


of dogs, F./F, was measured for inspired con- 
centrations of 0.3, 1.5, 4, and 6 percent during 
controlled ventilation. F./F; rose at similar 
rates at the lower 2 concentrations but at pro- 
gressively more rapid rates at inspired concen- 
trations of 4 and 6 percent, presumably as a 
result of circulatory depression. 


alveolar anesthetic concentration has been 
predicted from computer simulations by 
Ashman and associates! and by Munson 
and associates.? Both groups of investigators 
predicted that positive feedback would ac- 
company controlled ventilation. Munson de- 
scribed the consequences of controlled ven- 
tilation at various inspired concentrations. 
At lower inspired concentrations, controlled 
ventilation did not influence the rate of rise 
of the alveolar (F,) concentration toward 
the inspired (F,) concentration (the rate 
of rise of the F,/F, ratio). At higher in- 
spired concentrations, the depression of car- 
diac output and anesthetic uptake resulted 
in an accelerated rate of rise of F,/F,. 
Munson's group also predicted that the 
negative feedback accompanying spontane- 
ous ventilation would limit the absolute 
level of anesthetic that would be attained 
in the alveoli. They found that increasing 
the inspired anesthetic concentration slowed 
the rate of rise of F,/F,. 
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These predictions have not previously 
been confirmed by data from in-vivo studies. 
We now present such data. 


METHODS 


Three groups of dogs were studied. Dogs 
in group I (5 dogs) had chronic tracheos- 
tomies and were trained to lie quietly on 
a laboratory table while breathing from a 
nonrebreathing anesthetic circuit. They then 
were allowed to breathe 0.3 percent halo- 
thage for 50 minutes, followed by C. for 
50 minutes. This schedule was repeated with 
1.5 percent halothane and subsequently 
with 4 percent halothane. All dogs breathed 
all concentrations. Dogs in group il (7 
dogs) were anesthetized with thiopental, 
paralyzed with gallamine, and their tracheas 
intubated. An arterial catheter was inserted 
into the femoral artery. They then were 
mechanically ventilated at a minute volume 
which maintained Paco. at 35 to 40 torr 
prior to halothane administration. Once set, 
this minute ventilation was continued un- 
changed for all subsequent halothane ex- 
posures. Halothane was added to the anes- 
thetic nonrebreathing system in the same 
concentrations and for the same periods of 
time as for the dogs in group I. Sever dogs 
were tested at 0.3 percent, 4 dogs at 1.5 
percent and 7 dogs at 4 percent. Dogs in 
group III (3 dogs) were prepared in the 
same manner as dogs in group IT but were 
given 6 percent halothane only. In all 
groups, the inspired (F,) as well as the end- 
tidal or alveolar (F,) halothane concentra- 
tion was measured with a Beckman LB2 
halothane analyzer and the results recorded 
on a polygraph. Electrocardiogram and end- 
tidal CO. concentrations were measured in 
all dogs and arterial pressures were recorded 
in group-II and group-III dogs. 


Means of F,/F, ratios were compared at 
each point in time by unpaired t-tests. A 
p value of less than 5 percent was accepted 
as statistically significant. 


RESULTS 


In group-I dogs, there was no difference 
between the F,/F, ratios at the 3 inspired 
concentrations of halothane up to and in- 
cluding 25 minutes (fig 1). However, at 30 
minutes and beyond, the F,/F, ratio de- 
creased in the dogs which breathed 4 per- 
cent halothane, some of these animals dis- 
playing intermittent periods of apnea. No 
evidence of severe circulatory depression 
was evident in the ECG, nor did arrhyth- 
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20 minutes of spontaneous ventilation at inspired 
concentrations of 0.3, 1.5, or 46 halothane. The 
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Fig 2. Fhe rate of rise of F,/F, was the same at 
all inspired halothane concentrations for the first 
5 minutes of anesthetic administration. After 10 
minutes, the 0.3 and 1.5% inspired curves did nct 
differ in their rates of rise, but the 464 and 6% 
curves disp ayed an accelerated rate of rise. This 
acceleration. was associated with cardiovascular 
collapse. Points indicate mean values and bars 
indicate 1 SE. 


mias appear. Ventilatory depression was 
manifested by an increase in end-tidal CO.. 


There was no difference between the rate 
of rise of F,/F, ratio in the group-II dogs 
which breathed 0.3 percent halothane and 
in the grcup II-dogs that breathed 1.5 per- 
cent halothane (fig 2). However, there was 
a marked increase in the rate of rise of 
F,/F, in the dogs which breathed 4 per- 
cent and a further increase at 6 percent 
(group-IL dogs). Cardiovascular depres- 
sion was evident in the dogs breathing 4 and 
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6 percent halothane. Blood pressure de- 
creased and cardiovascular collapse occurred 
in all group-III dogs and in 6/7 group-II 
dogs. 


DISCUSSION 


Our results qualitatively confirm the pre- 
dictions given by the computer simulations 
of the Ashman and the Munson studies. 
Minor quantitative differences were seen. 
We found an "overshoot" of the F,/F, at 
4 percent halothane concentration (fig 1), 
whereas Munson did not see an overshoot 
until the inspired concentration equalled or 
exceeded 8 percent. Munson's simulations 
did not take into account the depression of 
respiration that may be induced by high 
CNS levels of CO.; perhaps this explains 
the difference in our findings. This also 
would explain why our overshoot took long- 
er to develop (20 to 30 minutes) than pre- 
dicted by Munson (5 to 10 minutes). 


Our findings are in agreement with the 
long-held clinical impression that spontane- 
ous ventilation makes anesthetic overdose 
less likely and therefore is safer than con- 
trolled. Controlled ventilation at higher an- 
esthetic doses (497 or greater) led to car- 
diovascular collapse and death in nearly all 
animals. These results imply that cardio- 
vascular depression during halothane anes- 
thesia administered with controlled ventila- 


tion may be antagonized by decreasing ven- 
tilation as well as by reducing the delivery 
of anesthetic. 


No difference was found between the 
F,/F, rates of rise during controlled ven- 
tilation at inspired concentrations of 0.3 
versus 1.5 percent halothane (fig 2). 'This 
should not be construed as demonstrating 
that a 1.5 percent inspired concentration 
will always produce this result and must be 
a safe concentration to use with controlled 
ventilation. Our dogs were reasonably heal- 
thy. Less healthy animals, or humans ewith 
a limited cardiovascular reserve, might re- 
spond far more adversely than our curves 
would indicate. Furthermore, in our studies 
ventilation was controlled to produce a nor- 
mal end-tidal CO. level. The additional 
stress of hyperventilation with concomitant 
hypocapnea and increased intrathoracic 
pressure might lead to a positive feedback 
at 1.5 percent halothane. We did not test 
this possibility. 
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SUTURED CATHETER. The transatrial course of a Swan-Ganz catheter introduces 
the possibility of inclusion in a suture as placed through the right atrial wall for 
hemostasis. The author describes such a complication and the removal of the trapped 
catheter. A Teflon sleeve was passed over the catheter and used to stabilize the right 
atrium while gentle traction was used to break the catheter at the suture. The proximal 
portion was then removed and the distal segment was retrieved using biopsy forceps 
inserted percutaneously through the femoral vein. (Block PC: Snaring of a Swan-Ganz 
catheter. J Thor Cardiovas Surg 71:917-919, 1976) 
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Implications of the Effects of General 
Anesthesia on Basal Tear Production 


DAVID A. CROSS, MD* 
THEODORE KRUPIN, MDF 


Ophthalmic preparations are frequently in- 
stilled topically to protect the eye during gen- 
eral anesthesia. The purpose of this study was 
to determine if such prophylactie precautions 
are warranted, as determined by the effect of 
general surgical anesthesia on basal tear pro- 


I IS common practice for anesthesiologists 
and anesthetists to tape the eyelids 
closed and/or to instill topical ophthalmic 
preparations into the eye during adminis- 
tration of anesthesia. Taping the eyelids 
closed prevents their incomplete closure and 
consequent exposure during general anes- 
thesia. However, the necessity for the use 
of various ophthalmic preparations has not 
been shown. 


'The present study was conducted to deter- 
mine whether the prophylactic use of such 
ophthalmic preparations is warranted. 


MATERIALS AND METHODS 


After informed consent was obtained, 
basal tear production was measured in 16 
patients undergoing general surgical anes- 
thesia. The average age was 30.6 (range 9 
to 64) years. Patients with known ocular 
conditions affecting tear production were 
excluded, and no attempt was made to 
standardize the type or time of premedica- 
tion or the anesthetic agents used. 


Tear production was measured according to 
the Schirmer I test, with proparacaine HCI 
0.5 percent topical anesthesia and with a 


duction measured by the Schirmer I test. As 
general surgical anesthesia produced a marked 
depression basal tear production, both me- 
chanical protection and topical medications 
are recommended for the ocular care of pa- 
tients underzoing general surgical anesthesia. 


#41 Whatman filter paper of standard length 
and wicth. The proparacaine was instilled 
topicallv tc eliminate reflex tear secretion. 
Excess tears and residual proparacaine were 
blotted. The edge of the Schirmer paper was 
folded cver the lower lid at the junction of 
the middle and outer thirds. The rate of 
tear production was measured in mm/5 min 
of wetting, 3 mm wetting in 5 minutes being 
considered normal with topical anesthesia.! 


Baseline tear measurements were made 
before premedication in 4 patients and after 
premedicat:on in all patients. Repeat Schir- 
mer determinations were made at 10, 30, 
and 60 mirutes after induction, the eyelids 
being taped closed between measurements. 
No ophthalmic preparations other than pro- 
paracaine were instilled. Statistical evalua- 
tion was by paired t-test. 


RESULTS 


General surgical anesthesia markedly re- 
duced the rate of basal tear production (ta- 
ble). 'Éhe average rate at 1 hour after pre- 
medication was 12.8 + 2.4 mm/5 min (mean 
+ SEM). This rate was reduced 10 min- 
utes after induction to 4.1 + 1.4 mm/5 min. 
Tear production continued to decrease to 
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TABLE 


Effect of General Anesthesia on Rate of Basic Tear Production, Schirmer | Test 
(mm, 5 min wetting) 


renean ari £g A rr ry S ÍT Ma fie s 


Number Age Beseline 16 30 60 Preoperation medication Anesthetic agent (4 N3O-O;) 
1 47 5 5 -— 2 Diazepam, atropine Halothane 
2 34 10 3 0 — None Thiopental 
j 36 7 4 3 2 Diazepam, atropine Enflurane 
4 31 15 7 3 2 Diazepam, atropine Morphine sulfate 
5 19 6 2 2 3 Diazepam, atropine Halothane " 
6 18 3 0 0 0 Diazepam, atropine Halothane 
64 3 0 0 0 Numorphan, droperidol, atropine Halothane 
46 3 0 0 0 Diazepam Halothane 
47 13 3 0 0 Meperidine, hydroxyzine HCl Halothane 
10 33 20 0 0 0 Morphine sulfate, atropine, Halothane 
hydroxyzine HC] 
li 24 35 13 — Morphine sulfate Enflurane 
12 21 8 1 0 0 Morphine sulfate, atropine Enflurane 
13 206 22 20 — 8 Diazepam, atropine Halothane 
14 16 20 : 0 0 Diazepam, atropine Halothane 
15 19 26 — 0 Diazepam, atropine Halothane 
16 9 9 0 - 0 Diazepam, atropine Halothane 


MITTUNT MM TC TTL HIT NN SPI HEP LEITET eT TIU re a AMA TIU eA TIT ARA 


0.7 + 0.4 mm/5 min at 30 minutes and 1.2 
+ 0.6 mm/5 min at 60 minutes. This de- 
crease from baseline was highly significant 
(p« 0.005) at all times measured. The de- 
crease from 10 to 30 minutes was also sig- 
nificant (p« 0.02). The difference in change 
between 60 and 30 minutes was not statisti- 
cally significant. 


The average basal tear production in 4 
patients before premedication was 23.3 + 
9.6 mm/5 min. Approximately 1 hour after 
premedication, the rate of tear production 
was 19.3 + 3.6 mm/5 min. This also was 
not statistically significant. One hour after 
induction, the rate was reduced to 2 + 0.6 
mm/5 min. 


DISCUSSION 


Tear production has 2 components, basal 
and reflex. 'The lacrimal gland is responsible 
for reflex tear secretion, which is aqueous 
in nature. Because of the autonomic inner- 
vation of this gland, these secretions are 
stimulated by peripheral and psychogenic 
modes. 'The instillation of topical anesthetics 
blocks the peripheral stimulation to reflex 
tear production and allows measurement of 
basal tear production. 


The basal tear film consists of 3 layers, 
of which the innermost is a mucopolysaccha- 
ride layer which acts as a wetting agent, 
the middle layer is a nutrient aqueous layer, 
and the outermost is an oily layer which re- 
duces evaporation. This basal tear film is 
primarily responsible for adequate hydra- 
tion and nutrition of the cornea and for lub- 
rication of the cornea and eyelids.? 


During general anesthesia, there are wide 
variations in visible tear production. How- 
ever, during adequate general surgical anes- 
thesia, tears are not visible, probably be- 
cause of depression of the autonomic path- 
ways responsible for reflex tear secretion. 
Therefore visible tears may be a sign of 
light anesthesia. 


The present study demonstrates a severe 
inhibition of basal tear production in pa- 
tients undergoing general surgical anesthe- 
sia. The inhibition of both reflex and basal 
tear production creates a potentially injuri- 
ous corneal environment. In addition to the 
marked depression of tear production, the 
loss of protective eyelid closure under gen- 
eral anesthesia increases the risk of hazards 
of corneal exposure. Thus, taping may not 
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alone be sufficient protection for the cornea 
during general surgical anesthesia. 


In light of the results of the present study, 
prophylactic ocular care under genera! sur- 
gical anesthesia should consist of both pre- 
vention of mechanical exposure of the cor- 
nea, usually by taping, and augmentation of 
deficient tears, best accomplished by topical 
instillation of a bland, nonionic, petroleum- 
base ophthalmic ointment. 


Petroleum-base ointments are retained in 
the eve longer than aqueous solutions, the 
half-life for ocular retention of petroleum 
ointment in humans with closed eyes being 
32 minutes.? If it is assumed that decreased 
tear production continues, repeat instillation 
of the ointment may be warranted every 90 
minutes. 


Many ophthalmic preparations are poten- 
tially hazardous. Topical anestheties are 
toxic to corneal epithelium and delay cor- 
neal wound healing,! while topical ccrtico- 
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steroids may facilitate and intensify herpet- 
ic,” fungal, and bacterial? corneal infections. 
These »oreparations are therefore contrain- 
dicated fer routine prophylactic corneal 
care. 
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DIAZEPAM ELIMINATION. The biotransformation ard elimination of labeled diaze- 


pam (0.25 mg) was determined in 5 patients with T-tube biliary drainage. 


Total 


radioactivity in serum, bile and urme was determined. After the initial distributive 
phase the serum diazepam concentration decreased slcwly with a mean half-life of 
93.2 hours. The only metabolite in the blood was M-desmethyl-diazepam with a peak 
concentration at about 48 hours. The average radioactivity in the urine was 48.8 
percent. Human bile contained virtually no diazepari or metabolites and thus the long 
plasma half-life cannot be due to enterohepatic cwrcukation. It is possible that the 
return of diazepam from a deep peripheral compartment controls the overall rate of 
elimination. (Mahon WA, Inaba T, Umeda T et ae: biliary elimination of diazepam 
in man. Clin Pharm Ther 19 :443-450, 1976) 
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Comparison of THAM and Sodium Bicarbonate in Resuscitation 
of the Heart After Ventricular Fibrillation in Dogs 


M. MINUCK, MD* 
G. P. SHARMA, MD1 


Winnipeg, Manitoba, Canada: 


Tris (hydroxy methyl) aminomethane (trometh- 


amine or THAM) has been suggested as an- 


effective substitute for sodium bicarbonate 
(NaHCO;) in the treatment of metabolic aci- 
dosis accompanying cardiac arrest. Even though 
several reports on its appraisal have been pub- 
lished, there is still no clear agreement on its 
therapeutic value. A double-blind study was 


therefore undertaken to compare in 36 dogs the 


effectiveness of 0.6 M THAM, 0.3 M THAM, 
and NaHCO, (0.892 mEq/ml) to correct meta- 
bolic acidosis produced during 3 minutes of car- 
diac fibrillation, followed by a 3-minute period 
of cardiac compression. The dogs were then 
defibrillated and observed for 45 minutes. One 
group of 8 dogs was treated with 0.9 percent 
NaCl infusion. 


LE HAS long been recognized that severe 
metabolic acidosis is a constant com- 
panion of acute cardiac arrest. One of the 
prime aims of the resuscitation attempt 
should, therefore, include correction of this 
abnormal state. 'T'he severity of the acidosis 
attained in such patients has been demon- 
strated by Edmonds-Seal, whose studies 
emphasize the importance of this maneu- 
ver. Over the years, sodium bicarbonate 
(NaHCO,) has been the drug most com- 
monly used for this purpose. Tris (hydroxy- 
methyl) aminomethane (tromethamine or 
THAM ) has been suggested as an effective 


Compared with 0.9 percent NaCl, both THAM 
and NaHCO, were equally effective in correct- 
ing metabolic acidosis (p<0.05). Initially, 0.6 
M THAM produced a more pronounced (p<0.05) 
elevation of bleod pH, but this effect was not 
sustained during the later postdefibrillation pe- 
riod. There was little difference in the effect of 
either of these drugs on mean aortic pressure 
and total peripheral vascular resistance. It is 
concluded that adequate ventilation and effec- 
tive cardiac compression are still the chief 
criteria on which the final outcome of cardiac 
resuscitation depends. Correction of metabolic 
acidosis is important supportive therapy, but 
either THAM or NaHCO, can be used with 
comparatively equivalent effect. 


alternate buffer for both metabolic and re- 
spiratory acidosis.?.? 


The reasons given for THAM choice in- 
clude that it is a stronger base (pK 7.74) 
and penetrates the cell more readily than 
does NaHCO,, 30 percent of which is non- 
ionized at a pH of 7.4. In addition, it ac- 
cepts hydrogen ions from all metabolic 
acids, and when it reacts with carbonic acid, 
it increases HCO, ions by accepting hydro- 
gen and generating bicarbonate anion. 


The clinical pharmacology of THAM was 
first elucidated by Nahas in his reports of 
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1959+ and 1963.5 A review of the literature 
since that time reveals little laboratory or 
statistical data comparing these 2 alkalizing 
agents in cardiac resuscitation. We felt it 
necessary, therefore, to design a stucy to 
compare the effects of these drugs in dogs 
following ventricular defibrillation, using a 
randomized double-blind technic. 


MATERIALS AND METHODS 


'Thirty-six healthy mongrel dogs, weighing 
between 18 and 26 kg, were anesthetized 
with 25 mg/kg of sodium thiopental and a 
cuffed endotracheal tube was inserted. The 
animals were ventilated with a Harvard 
Laboratory Respirator,* using mixtures of 
O, and air. The O, concentration of the 
mixture was adjusted until adequate blood- 
O, levels were obtained. Rate and tidal vol- 
umes were determined from a ventilation 
graph prepared by Kleinman and Radford. 
Catheters were placed into the aorta by 
retrograde femoral artery catheterization 
and into the right atrium via the right ex- 
ternal jugular vein (alternately, a catheter 
was passed up the femoral vein into the 
right atrium). The positions of the catheters 
were verified by fluoroscopy. 


'The arterial catheter was connected to a 
Statham 23db pressure transducer, and the 
atrial catheter to a saline manometer. The 
esophageal temperature was monitored with 
a Telethermometer®.§ The atrial catheter 
was used for monitoring the central venous 
pressure (CVP), injection of the test drugs, 
and for dye injections (indocyanine green) 
for cardiac output measurements. The ar- 
terial catheter was used for measuring sys- 
temic arterial blood pressure, for sampling 
of blood for cardiac-output studies, and for 
taking arterial blood samples for measure- 
ment of blood pH and gases. 


Dye curves were recorded using Gilford 
Cuvette Densitometer* * and Honeyweil Vis- 
icorder® Oscillograph (UV Paper Record- 
er).tt These were then processed on a CDC 
1700 Computer, using the program devel- 


t 





*Harvard Apparatus Company, Inc, Dover, Massa- 
chusetts. 
*Kleinman-Radford 
Company, Inc. 
iStatham Instruments, Inc, Oxnard, California. 
$Yellow Springs Instruments Company. Inc, Yellow 
Springs, Ohio. 

**Model 1031R, Gilford Instrument Laboratory, Inc, 
Oberlin, Ohio. 

**Model 2106, Honeywell Test Instruments Division, 
Denver, Colorado. 


Tables, Harvard Apparatus 


oped for Cardiac Catheterization Labo- 
ratory.t ECG lead II and arterial blood 
pressure were recorded continuously on a 
4-channel Sanborn Recorder.§ Total periph- 
eral vascular resistance (TPVR) was cal- 
culated as the ratio of the arteriovenous 
differences of pressure to the blood flow. It 
was expressed as peripheral vascular units 
(PRU)® using the formula: 


TPVR (PRU) = 
Mean aortic pressure (torr) — CVP (torr) 


eere er reri e ibn M RAPIAT Pede tebe ta aM Dra MOT T PA AERA AO A BARA irri iln ee A 


Cardiac output (ml/min) 
1 torr 
1 ml/min 


Ventricular fibrillation (VF) was pro- 
duced electrically by the application of elec- 
trodes directly to the surface of the myo- 
cardium. The heart was permitted to fibril- 
late for 3 minutes before the test drug was 
injected through the intra-atrial catheter. 
Cardiac compression was now started and 
continued for 3 minutes. At the end of this 
time, electrical defibrillation was accom- 
plished. The experiment was continued for 
45 minutes. Arterial blood samples for the 
determination of pH, Paco. and Pao. were 
drawn at the following stages of the experi- 
ment: 


Where 1 PRU = 


Stage 1: Basal or control samples after 
anesthesia had been established. 


Stage 2: Five minutes after thoracotomy. 


Stage 3: Near the end of the initial pe- 
riod of VF (3 min). 

Stage 4: During cardiac compression 
(after :he test drug had been administered 
into the right atrium). 


Stage 5: Ten minutes following defibril- 
lation. 

Stage 6: Forty minutes following defibril- 
lation. 


Blood Fao., Paco., and pH were meas- 
ured immediately.* Base excess was cal- 
culated from the Siggaard- Andersen nomo- 
gram fer bolood acid-base calculation. All de- 
terminations were done in duplicate and the 
results averaged. 


'The study was conducted in a blind, ran- 
domized manner. An independent worker, 
not associated with the experiments, trans- 
ferred 250 ml of each solution aseptically 
into identical sterile bottles which were then 


iUniversitv of Manitoba, Computer Department for 
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*Radiometer Model E5021a: Radiometer, Copen- 
hagen, Dermark. 
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TABLE ] 
Solutions Used 





Number of Solution 
Group — experiments [vol zz 5 ml/kg} 


Itera a a e rr men n HH n NEP atta aa Mg A M ru mI HIA RNY el S PE aa ma t tat ai A LA MPO Mi lene ei 


0.6 M THAM 
11 0.3 M THAM 





3 11 Sodium bicarbonate 
(0.892 mEq/ml) 
4 8 Sodium chloride (0.96) 


(0.1538 mEq/ml) 





Solutions were prepared in coded bottles. 


sealed and assigned a computer-generated 
code number. The coded list was then 
sealed and not opened until the end of the 
study. Similarly, analyses and correlation 
of data from hemodynamic and biochemical 
studies in each experiment were deferred 
until the entire series had been completed, 
at which time the code was broken, data 
were grouped according to drug used, and 
statistical analyses carried out. The num- 


ber of experiments in each group and the 
drugs used are given in table 1. The dose 
for each experiment was based on 5 ml/kg 
body weight, injected intra-atrially in less 
than 15 seconds. 


The data were processed by 1-way anal- 
ysis of variance and multiple range test,’ 
using the CDC 1700 computer. Comparisons 
between groups were made according to the 
individual stages of the experiment (tables 
2 to 9). For multiple comparison tests, 
Tukey's w-procedure was followed. 


RESULTS 


Principal data are summarized in the 
tables. The groups are designated according 
to the drug received, as shown in table 1. 
"Stage" refers to the time at which hemo- 
dynamic data were recorded and blood sam- 
ples obtained for biochemical analysis, as 
defined in the preceding paragraph. 


Arterial Blood Gases (tables 2, 3) .—Pao, 
and Paco, were fairly stable throughout the 


TABLE 2 


Effect of THAM, NaHCO;, and NaCl Infusion on Pao; (torr) 


(mean + SD) 


0.6 M 0.3 M 
THAM THAM NaHCOs NaCI 
Stage noe 6 nc H noz h n= § 

Stage 1: Control value anesthesia 255 + 149 164 + 42 191 + 52 209 + 89 
alone 
Stage 2: 5 minutes of thoracotomy 302 + 157 161 + 45 186 + 50 208 + 85 
Stage 3: 83-minute period of 215 + 120 116 + 29 120 + 33 130 + 38 
ventricular fibrillation 
Stage 4: 38-minute period of cardiac 152 + 143 72 + 28 79 + 27 89 + 15 
compression 
Stage 5: 10 minutes after defibrillation 267 + 120 103 + 37 128 -- 42 134 + 30 
Stage 6: 40 minutes after defibrillation 247 + 114 105 + 40 136 + 62 141 + 38 

TABLE 3 





Effect of THAM, NaHCO;, and NaCl Infusion on Paco; (torr) 
(mean + SD) 
ubl du laudcm MI E a E 


0.6 M 0.3 M 
THAM THAM NoHCOs NaCl 
Stoge né n — 1l no 14 nog 

Stage 1: Control value anesthesia 22 5 34 24 35 + 7 33 + 9 
alone 
Stage 2: 5 minutes of thoracotomy 00 37 + 35 + 5 34 + 6 
Stage 3: 3-minute period of 32 + 37 +6 35 + 5 35 + 6 
ventricular fibrillation 
Stage 4: 3-minute period of cardiac 28+5 33 +5 42 +3 S eae | 
compression 
Stage 5: 10 minutes after defibrillation 22:4 35x 8 37 + 35 2-5 


Stage 6: 40 minutes after defibrillation BSI 
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experiment. Hypoxia was not evident in 
any stage except stage 4 (cardiac compres- 
sion), which reflects the accumulated O, 
debt during the preceding stage of VF. This 
was readily corrected, as shown by the val- 
ues at stage 5, and indicates that adequate 
oxygenation was maintained throughout the 
later part of the experiment. A similar trend 
is seen in Paco, values, suggesting that ven- 
tilation was adequate during the experiment. 


Arterial Blood pH (table 4). — Initial 
values for pHa (stage 1) varied from 7.58 + 
0.05eto 7.4 + 0.05. There is no significant 
difference between the various groups in 
stages 1, 2, and 3 (F = 0.167, 0.183, and 
1.436 respectively). In all the groups, the 
pHa values showed a gradual trend toward 
acidosis as the experiment proceeded from 
stage 1 to stage 3. The immediate alkalizing 
effect of THAM and NaHCO, can be seen 
at stage 4, when all 3 groups showed signifi- 





cantly higher pHa values (F = 20.572) as 
compared te the NaCl group, which showed 
a contiruec decline. Amongst the 3 alka- 
lizing agents, there was no difference. At 
stage 5, 0.6 M THAM groups showed a 
significantly higher (p<0.05) pHa value as 
compared 03 M THAM (W = 3.518) 
and NaHCO, group (W = 3.850). This ef- 
fect, however, was not maintained for long, 
and at stage 6, THAM and NaHCO, groups 
showed no differences, even though they 
were bcth significantly superior to NaCl 
group (7 = 6.143). 


Cardiac index (table 5). —CI values are 
shown as relative to values at stage 1, which 
is taken as 100 percent. At this stage, the 
mean czrdiac index for the entire series is 
3.52 + 123 L/min/m?. In all groups, CI 
declined fo lowing stage 4 to levels as low 
as 60 io "3 percent of its initial value 
(stage 6). 


TABLE 4 


Effect of THAM, NaHCO,, and NaCi irfusion on PHa 
(mean + SD) 
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Stage 1: Control value 7.40 + 0.05 


anesthesia alone 
Stage 2: 5 minutes of 7.39 + 0.04 
thoracotomy 


Stage 3: 3-minute period 1.39 + 9.05 


of ventricular fibrillation 


7.35 + 0.06 


7.94 + 0.04 


0.3 M 

THAM NaHCOa Nati 

ac Aco ll nag 
7.40 + 0.05 7.38 + 0.05 7.38 + 0.06 


7.36 + 0.07 1.34 + 0.07 


7.34 + 0.06 7.32 + 0.08 











Stage 4: 3-minute period 7.49 + 0.07 7.45 + 0.06 7.46 + 0.07 7.24 + 0.08 
of cardiac compression 
Stage 5: 10 minutes after 7.43 + 0.04 7.35 + 0.05 7.35 + 0.05 7.26 + 0.08 
defibrillation 
Stage 6: 40 minutes after 7.41 + 0.06 1.35 + 0.05 1.84 + 0.06 7.27 - 0.08 
defibrillation 
TABLE 5 
Effect of THAM, NaHCO, and NaCl Infusior on Cardiac Index 
(mean + SD) 
0.6 M 0.3 M 
THAM THAM NaHCOa NaCl 
Stage n x4 noo j} n H no 

Stage 1: (= 100%) 1005% 100% 100% 100% 


Control value anesthesia 
alone 


Stage 2: 5 minutes of 101.71 + 27.89 


thoracotomy 


Stage 5:* 10 minutes after 75.68 + 17.02 


defibrillation 


Stage 6: 40 minutes after 
defibrillation 


73.1 + 17.1 


98.19 + 17.74 


61.04 + 22.22 


65.6 + 21.18 


94.5 + 20.4 95.43 + 29.64 


68.31 + 16.77 77,83 + 21.55 


59.9 + 19.28 64.7 + 18.53 





* Values at stages 3 and 4 are omitted because cardiac output is either nil or highly unstable. 
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TABLE 6 


Effect of THAM, NaHCO;, and NaCl on Central Venous Pressure (torr) 
(mean = SD) 





0.6 M M 
THAM THAM NaHCOa NaCI 
Stage nó n — 11 nz} nazg 

Stage 1: Control value anesthesia 3.65 + 3.57 3.51 + 2.00 3.7 + 2.4 4D 21 
alone 
Stage 2: 5 minutes of thoracotomy 4.70 + 4.74 4.1 + 2.00 4.3 + 2.1 2.6 + 2.3 
Stage 3: 3-minute period of 10.9 + 3,35 14.9 + 7.5 20.5 + 5.6 15.4 + 2.5 
ventricular fibrillation 
Stage 4: 3-minute period of cardiac 11.7 + 3.25 19.5 + 6.0 23.5 + 9.2 18.3 + 8.3 
compression 
Stage 5: 10 minutes after defibrillation 8.47 + 3.92 6.99 + 3.3 13 23 5lu 24 
Stage 6: 40 minutes after defibrillation 7.83 + 2.88 4.5 + 2.6 5.2 + 1.8 3.46 + 1.87 





Hemodynamic Data.—Values for CVP 
(table 6) show no significant difference be- 
tween the groups at stages 1 and 2. At stage 
3 (VF) and stage 4 (cardiac compression) 
all values showed a rise, followed by decline 
at stages 5 and 6. MAP (table 7) showed 
complete recovery in all groups following 
cardiac defibrillation. The same trend is 
seen in calculated values for TPVR (table 
8), shown as peripheral resistance units 
(PRU). 


Base Excess (table 9).—An effect similar 
to that noticed for arterial blood pH is seen 
in the base-excess values. The control group, 
which received NaCl, showed a continued 
decline. All the drugs, namely 0.6 M 
THAM, 0.3 M THAM, and NaHCO,, were 
beneficial when compared to NaCl (p« 0.01) 
in both immediate (stage 4; F = 23.499) 
and sustained effect (stages 5 and 6; F = 


11.013 and 7.999, respectively). When com- 
pared with each other, they showed no dif- 
ferences. 


DISCUSSION 


Since Nahas? first elucidated the phar- 
macology of THAM in 1959, its use in car- 
diac arrest has been advocated from time to 
time,?:* but it has been difficult to find sub- 
stantiation of the claims made for its supe- 
riority. Although Nahas,® Telivuo and co- 
workers, and Thrower’s group? were firm 
advocates of the use of THAM and reported 
successes in VF, Bleich and Schwartz'® 
appraised the physiologic effect and clinical 
usefulness of THAM im all situations, and 
postulated that, on the basis of their find- 
ings, THAM appears to have no significant 
therapeutic role. 


In our study, an attempt has been made 


TABLE 7 


Effect of THAM, NaHCO;, and NaCl Infusion on Mean Arterial Pressure (torr) 
(mean -- SD) 








0.6 M 0.3 M 
THAM THAM NaHCO: NaCI 
Stage n — 6 nz 11 nd! n — 8 
Stage 1: Control value 148.33 + 22.73 149.9 + 18.43 150.3 + 9.5 141.5 + 12.5 
anesthesia alone 
Stage 2: 5 minutes of 157.5 + 13.32 151.2 + 14.9 147.2 + 13.5 148.7 + 22.4 
thoracotomy 
Stage 4:* 3-minute period 51.33 + 8.50 70.5 + 14.0 74.4 + 10.0 74.1 + 14.3 
of cardiac compression 
Stage 5: 10 minutes after 119.17 + 21.54 104.5 + 20.9 109.6 + 24.7 112.4 + 23.0 
defibrillation 
Stage 6: 40 minutes after 119.17 + 28.17 126.6 + 6.8 119.7 + 19.00 135.1 + 102 


defibrillation 





*Values at stage 3 are omitted because cardiac output at this stage is nil. 
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TABLE 8 


Effect of THAM, NaHCO,, and NaCl infusion on Total Peripheral Vascular Resistance 
(mean + SD) 


0.6 M 0.3 M 
THAM THAM NaHCOs NoCI 
Stage n —— 6 na H nati n—8 
Stage 1: Control value 0.053 + 0.012 0.032 + 0.008 0.035 + 0.015 0.037 + 0.012 


anesthesia alone 


Stage 2: 5 minutes of 0.059 + 0.025 


0.033 + 0.0007 


0.036 + 0.013 0.045 + 0.025 


thoracotomy 
Stage 5:* 10 minutes after 0.055 + 0.016 0.088 + 0.011 0.036 +: 0.014 0.037 + 0.014 
defibrillation 
Stake 6: 40 minutes after 0.056 + 0.012 0.046 + 0.018 0.049 + 0.022 0.062 + 0.032 
defibrillation 


Nn ents 
*VYalues at stages 3 and 4 are omitted because cardiac output a: these stages is either nil or highly unstable. 


TABLE 9 


Effect of THAM, NaHCO, and NaCl Infusion on Base Excess (mEq/L) 
(mean + SD) 


THAM 
Stage no 6 

Stage 1: Control value —3.90 + 2.10 

anesthesia alone 

Stage 2: 5 minutes of oA DOE 228 

thoracotomy 

Stage 3: 38-minute period —5.42 + 1.88 

of ventricular fibrillation 

Stage 4: 3-minute period —1.00 + 2.12 

of cardiac compression 

Stage 5: 10 minutes after —2.33 + 2.36 

defibrillation 

Stage 6: 40 minutes after —3.25 + 2.79 

defibrillation 


0.3 M 

THAM NaHCOs Nec} 

ncc M nc Hi Nn 
— 4,00 + 3.60 —8.65 + 2.35 —5.13 + 3.15 
—5.00 + 2.60 —4.58 + 3.52 —6.71 + 3.71 
—5.00 + 2.00 —5.87 + 2.93 —7.07 + 4.45 

0.06 + 3.19 5.73 + 5.82 —11.26 + 4.14 

—4.98 - 2.78 —4.73 + 2.59 —10.76 + 3.93 
— 5.46 + 2.62 —5.03 + 3.03 —10.65 + 3.93 


uM HEU E TtNtt CCNA TCE CCC Cte 


to compare some effects of THAM and 
NaHCO, by using a protocol that minimizes 
bias. Every effort was made to prevent de- 
velopment of hypoxia or respiratory acidosis 
during the entire experiment. Data in table 
3 indicate that these factors were kept 
within acceptable limits. From the results 
presented in this report, it is evident that 
both THAM and NaHCO, are quite effec- 
tive in correcting pH levels. Compared to 
the control group, which received equiva- 
lent infusion of 0.9 percent NaCl, both 
THAM and NaHCO, produced a significant 
rise in arterial pH (p<0.05) during the 
period following defibrillation (stages 5 and 
6; F = 10.34 and 6.14, respectively). 


There was no difference in response be- 
tween 0.3 M THAM and NaHCO,. On the 
other hand, 0.6 M THAM did produce a 
significantly superior initial effect on pHa 
(stage 5; F = 10.343) when comparec with 


either 0.3 M THAM (p<0.05) or NaHCO, 
(p<0.05). Other than this, there is no dif- 
ference between 0.66 M THAM, 0.3 M 
THAM, and NaHCO,, as seen by values 
at stage 6. 


A similer trend is seen in the values for 
base exceas, in which is demonstrated a sig- 
nificant improvement in 0.6 M THAM, 0.3 
M THAM, and NaHCO, groups (p« 0.05) 
during the postdefibrillation period (F = 
11.013 anc 7.999 at stages 5 and 6, respec- 
tively). Tere were no differences between 
0.6 M THAM, 0.3 M THAM, and NaHCO, 
compared with one another. 


Cline and coworkers!! have been quoted 
to have demonstrated a direct antiarrhyth- 
mic effect of THAM sufficiently effective 
to facilitase defibrillation. Furthermore, si- 
nus rhythm was reported to have been re- 
stored spontaneously in 5/10 dogs given 
THAM in Telivuo's series;* but all our dogs 
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required electrical defibrillation, to which 
they responded readily. 


Dong and colleagues!? showed that VF 
thresholds in dogs may be elevated during 
respiratory alkalosis. Gerst's group!?.!* dem- 
onstrated this to be equally true when alka- 
losis is induced by the infusion of THAM 
or NaHCO,. On the other hand, Lawson 
and coworkers!? have shown that in a clini- 
cal situation the production of alkalosis, 
from whatever cause, may be associated 
with arrhythmias which are difficult to treat. 
In none of our experiments did the pH rise 
to such potentially high levels (above 7.5) 
as those described by Lawson.!? 


We did not measure the fibrillation thres- 
hold in our experiments; however, all our 
animals responded readily to electrical de- 
fibrillation. The differences in results re- 
ported by Dong!” and Gerst!?.!! on one 
hand and those reports by Lawson!? on the 
other, may possibly be due to species dif- 
ferences between dog and man. This high- 
lights the importance of exercising caution 
when transferring data from dog to man. At 
the same time, it is justifiable to advise 
caution against overtreatment of acidosis. 


The beneficial metabolic effects seen in 
pHa and base excess values were not reflect- 
ed in hemodynamic parameters. Downing 
and associates!9.!* reported that severe met- 
abolic acidosis accompanying cardiac arrest, 
particularly in the presence of hypoxia, 
grossly inhibits myocardial function. A de- 
cline in CI was seen in all our experiments, 
but the difference between the control and 
the other 3 groups receiving alkalizing 
agents is not statistically significant. The 
same is true of other hemodynamic data. It 
appears that metabolic improvement does 
not necessarily lead to immediate hemody- 
namic benefit. 


It is noteworthy, however, that at no 
stage in our experiments were the animals 
subjected to severe hypoxia. This empha- 
sizes the value of maintaining adequate 
ventilation and O, delivery as an important 
part of resuscitation measures. Secondly, 
direct cardiac. compression, as carried out 
in these animals with open chests, is far 
more effective than closed-chest cardiac 
compression, which may be partly respon- 
sible for the better hemodynamic status seen 
in these experiments. Weale and Rothwell- 
Jackson!" demonstrated that significantly 
higher perfusion pressures are attainable 
in fibrillating dogs with direct cardiac com- 
pression than with external cardiac com- 
pression. 


Del Guerico's group!? showed in patients 
that the cardiac output obtained during 
closed cardiac compression was only 50 per- 
cent of that obtained during open cardiac 
compression. Cohn and Del Guerico?" stud- 
ied this problem further on clinical subjects 
by means of a mobile catheterization labo- 
ratory. Short-term resuscitation was achieved 
in 5/6 patients using internal cardiac com- 
pression. In our experiments all the ani- 
mals could be successfully defibrillated irre- 
spective of the drug received. This empha- 
sizes the value of effective cardiac compres- 
sion as the most important factor in resusci- 
tation. 


CONCLUSIONS 


In all animals, including those receiving 
0.9 percent NaCl, defibrillation was readily 
achieved, followed by recovery in all. How- 
ever, the groups receiving THAM and 
NaHCO, were superior to those receiving 
NaCl infusion with respect to base excess 
and pH. There was no significant difference 
within the groups receiving 0.6 M THAM, 
03 M THAM, and NaHCO,. It appears 
that in a healthy animal, the ultimate out- 
come is influenced by how efficiently ven- 
tilation is maintained during resuscitation 
and how effectively cardiac compression has 
maintained ‘perfusion of vital tissues. These 
2 maneuvers are essential components of 
cardiac resuscitation, but the beneficial ef- 
fects of correcting acidosis with alkalizing 
agents should not be overlooked. 


Either THAM or NaHCO, can be used 
effectively. If there are reasons for sodium 
restriction, however, as in cardiac patients, 
then THAM is the drug of choice. 
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MICROTHROMBOEMBOLISM. Microthromboembolism would not result in clinical signs 

: or alterations in the chest x-ray or lung scan. However, reductions in arterial oxygena- 

Y tion would be likely. Twenty-four patients undergoing caolecystectomies received low- 

dose heparin (5000 units every 12 hours for 5 days starting just before anesthetic 
induction). PaO: before and after cperation was compared with 24 patients under- 
going the same operation but not treated with heparin. The PaO. was the same in 
both groups preoperatively and decreased to the same exzent on the first postoperative 
day. During the 2nd postoperative day PaO, was no onger significantly decreased 
from the awake value in the heparin patients. In contrast, PaO. was significantly 
decreased in the control patients until the 4th postoperetive day. Arterial PCO: was 
similar at all times in both groups. No patient manifested signs of embolism on the 
chest x-ray or lung scan. The heparin-treated patients had a shorter postoperative 
reduction in PaO: and the most likely explanation may be a reduced incidence of 
embolization to the lungs. (Lahnborg G, Lagergren Fl, Fiedenstierna G: Effects of low 
dose heparin prophylaxis on arterial oxygen tension a ter high laparotomy. Lancet 
1:54-56, 1976) 
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From a study on the interrelationship between 
electroshock-induced convulsions, autonomic 
function, catecholamines, and cardiovascular 
homeostasis in dogs, the authors found that: 
(1) the asystole of electroshock CES) was sig- 
nificantly prolonged by high spinal anesthesia 
but not by relative alpha- or beta-adrenergic 
blockade; (2) increased levels of circulating 
catecholamines were solely responsible for the 
marked hypertensive response to ES, since the 
pressor effect could be blocked by preventing 
the release of catecholamines with high spinal 


EPENDING on the extent of stimulation 

of the autonomic nervous system, 
bradycardia, arrhythmias, cardiac arrest, 
and hypertension have been observed in man 
during electrically or chemically induced 
convulsions. + With the use of muscle re- 
laxants such as succinylcholine, it has been 
conclusively shown that these are neural- 
induced responses and not a consequence of 
contraction of skeletal muscles. Several in- 
vestigators have demonstrated that drugs 
which obtund the autonomic responses, par- 
ticularly cholinergic stimulation, can amel- 
iorate these effects, and shock-induced in- 
creases in circulating catecholamines have 
also been reported.?.*? 


However, in light of the current wide- 
*Professor of Anesthesiology and Pharmacology. 


fResident in Anesthesiology. , 
tAssistant Professor of Anesthesiology. 


anesthesia or by inhibiting alpha-adrenergic 
receptors with phenoxybenzamine; (3) the 
adrenal medulla appeared to be the source of 
most of the ES-induced increase in circulating 
catecholamines; (4) the asystele and arrhyth- 
mias of ES were a cholinergic effect, since they 
were blocked by atropine; (5) there was a dose- 
response relationship between the coulombs of 
electricity administered and the catecholamine 
and cardiovascular responses; and (6) that the 
adverse cardiovascular effects of ES therapy 
could be ameliorated pharmacologically. 


spread use of drugs that affect sympathetic 
function and the continued use of electro- 
shock therapy (EST) in psychiatric pa- 
tients, a detailed analysis of the interaction 
between electroshock (ES), cardiovascular 
homeostasis, and catecholamines in the pres- 
ence of drugs that modify autonomic func- 
tion appeared indicated. We postulated that 
in the presence of drugs (or pathophysiol- 
ogy) that interfered with sympathetic func- 
tion, a shock-induced activation of the auto- 
nomic nervous system could lead to a para- 
sympathetic-mediated cardiac standstill. In- 
deed, fatalities have been reported in psy- 
chiatric patients taking the adrenolytic 
drugs, reserpine and chlorpromazine, at the 
time they were given electroconvulsive ther- 
apy (ECT).5? 
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Electroshock . . . Anton, et al 


In further support of this suggestion is 
the report that an adrenergic mechanism ap- 
pears to be involved in the phenomenon of 
vagal escape.!" We, therefore, induced elec- 
troconvulsion in the dog and studied the 
influence of high spinal anesthesia as well 
as a number of other agents acting on the 
autonomic nervous system. 


METHODS 


Male and female mongrel dogs, 16 to 25 
kg in weight, were anesthetized with pento- 
barbital (25 mg/kg), their tracheas intubat- 
ed, and their lungs mechanically venti ated 
with air to maintain Paco, at 30 to 40 torr. 
Both femoral arteries in each dog were can- 
nulated for blood pressure recording and 
sampling of blood for blood gases and cate- 
cholamine analyses.!! The saphenous vein 
was also cannulated for drug administration 
and the infusion of 5 percent dextrose in 
lactated Ringer’s solution at + 10 ml/kzg/hr. 
Blood pressure, heart rate, and ECG were 
continuously recorded. In our standard 
protocol, measurements of cardiovascular 
function, acid-base status, and plasma cate- 
cholamines were obtained before and after 
control ES and compared with the responses 
obtained to ES, 30 to 60 minutes later, after 
the pharmacologic modification of autonom- 
ic function. 


In pilot experiments in 5 dogs, we deter- 
mined that in the absence of drugs the re- 
sponses to two such ES's were not signifi- 
cantly different. Before each ES, 16 mg 
of succinylcholine was given. The ES was 
produced by a current of 500 mA/50 v for 
+5 seconds (exact time determined from the 
recording) by surface electrodes applied to 
the shaved skull, using an Offner 732 Klec- 
tric Shock Therapy Apparatus. Each animal 
was tilted 45? head-up before and after auto- 
nomic blockade, to assess the effect o? the 
drug on cardiovascular reflexes before each 
ES. 


A total of 18 dogs were used. At least 2 
different dogs were used for each drug, but 
some dogs were used more than once with 
a particular drug except for the spinal anes- 
thesia experiments. À minimum interval of 
3 weeks was allowed between experiments 
in any 1 dog. The variability in physiologic 
and biochemical data was found to be no 
different between dogs used once or several 
times under these conditions. 


Autonomic function was modified bv the 
IV injection (except for spinal anesthesia) 
of the drugs listed following: 
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1. Tetracaine (1.5 ml of 1% solution) 
mixed with 1.5 ml of 10 percent dextrose 
solution, for high spinal sympathetic block.” 
Immediately after injection, the dog was 
placed in a 25° head-down tilt for 5 min- 
utes to assure a high spinal block. 


2. Propranolol (2.5 mg/kg) 15 minutes 
before ES, to block cardiac beta-adrenergic 
receptors. 


3. Phenexybenzamine (5 mg/kg) 40 min- 
utes before ES, to block peripheral alpha- 
adrenergic receptors. 


4. Ecolid (2 to 5 mg/kg) for autonomic 
ganglionic block, 45 minutes before ES. 


9. Atropine (0.1 mg/kg) 10 minutes be- 
fore ES, to block the cholinergic neuroeffec- 
tor site. 


Dosage was that reported in the literature 
as being ef'ective in the dog. The number 
of animals used with each drug or treat- 
ment is indicated in the figures and tables. 


In other experiments, the duration and 
intensity of the ES were varied to determine 
the relationship between the amount (cou- 
lombs) of electricity and the cardiovascular 
and catechelamine responses. 


Since all dogs were treated the same way 
during the pre-drug, pre-ES control period 
in each experiment, these results were pooled 
for the control data. Student's t-test for in- 
dependent samples was applied to assess 
the significance of the differences between 
the means of control and drug-treated 
groups. 


RESULTS 

A typical tracing of ECG, blood pressure, 
and heart rate without autonomic drugs is 
shown in the upper panel (control) of fig- 
ure 1. During the ES, asystole without dis- 
cernible blood pressure persisted almost as 
long as the current continued. Heart activ- 
ity resumed as the current was terminated; 
initially, the beat was irregular and at a 
slower rate and was accompanied, or soon 
followed, by a marked increase in blood 
pressure, The effect was greater on systolic 
pressure, which, in 1 minute after the ES, 
increased an average of 107 torr (6892), 
while diastolic pressure rose only 48 torr 
(43%), resulting in almost a 3-fold increase 
in pulse pressure. The increase in blood 
pressure was accompanied by bradycardia 
with an average decrease of 30 bpm (1695). 


Asystole (fig 2) .—Total spinal anesthesia 
significantlv prolonged the ES-induced asys- 
tole by about 2 seconds (cf lower panel, 
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Fig 1. Effect of spinal anesthesia on the hemo- 
dynamic response to ES. Upper tracing: typical 
control response in absence of drugs. Lower trac- 
ing: effect of spinal anesthesia, which prolonged 
shock-induced asystole and prevented subsequent 
hypertension. ECG and blood pressure are plotted 
against time in seconds. 
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Fic 2. Drug modification of electroshock-induced 
asystole. Columns represent means and SEM with 
number of experiments in parentheses. Control 
group (Cont) combines data from 5 dogs with 
no-drug results of most other animals. Postdrug 
response to ES is compared with response in saline- 
treated dogs. «B» p<0.05; € p<0.01; m p<0.001; 
A 5050.05 (NS). Cont. = control; Spin. = spinal; 
Atrop. = atropine; Ecol. = Ecolid; PBZ = phen- 
oxybenzamine; Prop. = propranolol. 
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Fic 3. Drug modification of blood-pressure re- 
sponse to ES. (See legend, fig 2, for explanafion of 
svmbols and data.) 


fig 1), whereas no asystole occurred after 
atropine or Ecolid. Inhibiting alpha- and 
beta-adrenergic receptors with phenoxyben- 
zamine (PBZ) and propranolol (Prop), re- 
spectively, did not affect the duration of 
asystole. In 2 other dogs treated with neo- 
stigmine (0.05 mg/kg) to enhance para- 
sympathetic tone (data not shown), a low 
intensity current (285 mA, 5.2 sec) pro- 
duced asystole for 9.8 seconds, whereas the 
high-intensity current (500 mA, 5.2 sec) 
prolonged asystole for 21 seconds, the long- 
est seen in these experiments. 


Blood Pressure (fig 3).— The pre-ES 
blood pressure was significantly (p« 0.05) 
lower in animals receiving a high spinal 
sympathetic block (cf lower panel, fig 1), 
Ecolid and PBZ compared with the control 
group. Because of the absence of a sympa- 
thetic reflex, a head-up tilt of the dog so 
markedly enhanced the spinal-induced hy- 
potension that the tilt had to be reversed 
for the safety of the animal. Only spinal 
anesthesia (cf fig 1) and PBZ, both of which 
interfere with activation of alpha-adrener- 
gic receptors, prevented the ES-induced in- 
crease in blood pressure. 


Heart Rate (fig 4).— The pre-ES rates 
were significantly (p« 0.05) slower in the 





" 
24 Pre - shock 


in Foe 
Le : 
BN Poat- shack 






200. 


BEATS PER MINUTE 


HEART RATE 





Control 3 uae TA Pra 
(33 if: ihi ihi i$: igi 
Fig 4. Drug modification of heart-rate response 
to ES. (See legend, fig 2, for explanation of symbols 
and data.) 








Electroshock . . . Anton, et al 







Ea sy us F 

A A 
S 3 
E Rr ye 





m4 Norepinephusie 


AM Emnenhane 


a 
T 
| 
i 


* 
“e 
i 
i 
H 





Bi AJ 
© iA 


POST-— SHOCK VALUE AG A 
G 


TIPLE OF THE PRE-SHOCK VALUE 
es 


= 
Í 


AH 
P 
Uem 





ERZ 
ZE 


nitus 
ik ces) 


Fic 5. Drug modification of plasma-catechola- 
mine response to ES. Postshock data are expressed 
as a multiple of, and compared to, preshock results, 
both in presence of drug. (See legend, fig 2, for 
explanation of symbols and data.) 


animals receiving spinal anesthesia, Ecolid 
and propranolol. Except for propranolol, 
drug treatment prevented the ES-induced 
bradycardia. Neostigmine decreased heart 
rate by +19 percent prior to ES (not 
shown), but did not appear to modify the 
response to ES except for the prolongation 
of asystole. 


Plasma Catecholamines (fig 5, table 1). 
—'To simplify the data in figure 5, we show 
postshock concentration as a multiple of 
preshock values (table 1). In the control 
animals, for example, ES induced a 7.5-fold 
increase in plasma NE and a remarkable 
42-fold rise in epinephrine (E). Amorg the 
drugs used, the most pronounced effect was 
obtained with spinal anesthesia, which es- 
sentially abolished the catecholamire re- 
sponse to ES. A similar effect was obtained 
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with the ganglionic blocker, Ecolid, with re- 
spect tc NE but not E. Also, Ecolid and 
PBZ significantly (p<0.05) reduced the E 
response to. ES compared with control data. 
As indicated in table 1, a condition such as 
spinal anesthesia, which interferes with the 
release of catecholamines from tissue stores, 
significantly lowered their concentration in 
plasma, whereas PBZ, which blocks alpha- 
adrenerzic receptor sites, increased their 
level in the circulation. 


Decay oj Plasma Catecholamines (fig 6). 
—The data for the plasma catecholamine 
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Fic 6. Plasma catecholamine decay curves after 
ES. The ł-ninute sample includes shock period, 
as sampling was started concurrently with shock 
and compi!esed over 1 minute. Remaining samples 
were drawn within 15 seconds of time indicated. 
Each peirt is mean with SEM. Thirty samples 
contribute te the 0 and 1-minute means; 4 samples 
each make ep remaining data. 


TABLE 1 
Effect of Drugs on Preshock Plasme Catecholamines* 








Treatment Norepinephrine, ng/100 mi Epinephrine, ng/1CO ml 
Control (30) 18.5 + 2 34.4 + 4.2 
Spinal (5) 1.0 22.13 12.4 + 2.9t 
Atropine (5) 21.4 + 4.61 27.8 + 5.91 
Chlorisondamine (6) IT.2 29.80 38.2 + 10i 
Phenoxybenzamine (4) 34.0 + 15.91 116.0 + 378 


Propranolol (5) 


16.6 + 4.21 


51.4 + 11.34 


LLL NT LTT NAINA ELT TT AA RATARA AAA AAA 


*Dogs were under pentobarbital anesthesia, had already received the predrug shock treatment, and were 


given drugs before 2nd ES. 


Data are means + SEM for each group. Figures in parentheses ere number of animals in each group. 


*p«O0.05 compared to control. 
tp>0.05; not significant. 
$p<0.001 compared to control. 
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decay curves were obtained after ES in 
saline-treated dogs. The rate at which the 
catecholamines disappeared from plasma 
was made up of at least 3 components: an 
initial rapid decline with a half-time of 
about 20 and 30 seconds for NE and E, re- 
spectively; a 2nd component of about 3.5 
and 4.5 minutes; and a final much slower 
rate whose half-time we were unable to 
estimate because of insufficient data. The 
cardiovascular effects of the catecholamines, 
as measured by the blood-pressure response, 
had returned to the control value by 5 to 
10 minutes after ES, even though the cate- 
cholamines were still +1.5 times the pre-ES 
value. 


Current Intensity (table 2) These data 
reflect a direct relationship between the in- 
tensity of the ES and the response. Thus, 
the blood-pressure and heart-rate responses 
at 285 mA (the lowest current delivered by 
our instrument) were less than the responses 
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after the higher current. The most marked 
difference was with the catecholamines 
which, after the lower current, increased 
only about 1/5th that obtained at 500 mA. 


Current Duration (table 3).—Since the 
shock dose (coulombs) is also a function of 
time, shock duration also was varied, times 
used being approximately 1, 2, and 3 sec- 
onds in addition to the standard 5 seconds. 
The exact duration was determined from the 
recording, since the application of the 
shock was timed manually with a stopwatch. 
Since 1-second and 2-second results were 
similar, those data were combined, resulting 
in the 3 groups shown in table 3, control 
values for which are shown in table 2. Again, 
cardiovascular and catecholamine responses 
are seen to be a function of current strength. 
The similarity in responses to the 1- and 
2-second intervals may indicate that the 
stimulus approximated the rheobase for this 
current strength. Note that the responses 





TABLE 2 
Effect of Current Intensity* 
isch “o Shock " uo Shock iSi ctun 
Mean blood pressure, torr 132 1408 4-6 200! --52 
Heart rate/min 187 1758 —§ 135! —98 
Epinephrine, ng/100 ml 45 3231 +618 14501 4- 3122 
Asystole, sec 0 4.3 


* Animals received either 285 or 500 mA over 5.1 + 0.03 seconds. 


TControl data are average values for animals in absence of drugs except anesthetic (pentobarbitaD and 
muscle relaxant (succinylcholine). Figures in parentheses are number of animals in each group. 


iPercent change calculated from ES-induced responses relative to those obtained during preshock control 


period. 
$ Not significant (p>0.05) compared to control. 
p«0.001 compared to control. 


TABLE 3 
Effect of Current Duration* 

—— 0.9-2 sec i a 3-3.2 sec ogee 4.6-5.7 sec T bore 
Mean blood pressure, torr 1328 0 159! 4-20 200] 4-52 
Heart rate/min. 1618 —14 148) —26 135! —28 
Epinephrine, ng/100 ml 2121] 4-500 5131 +1040 1450) +3122 
Asystole, sec 1.4 2.677 4.3** 


*All animals received 500 mA for intervals ranging from 0.9 to 5.7 seconds. 
1See table 1 for pre-ES control values used to calculate percent changes. Figures in parentheses are num- 


ber of animals in each group. 


tThese data are the same for the 500 mA in table 1 since standard ES was 500 mA for 5.1 + 0.03 seconds, 


$Not significant (p>0.05) compared to controls in table 1. 


(«0.001 compared to controls in table 1. 


**p« 0.001 compared to duration of asystole after ES for the 0.9 to 2 second group. 
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after 500 mA for 3 to 3.2 seconds (+ 1500 
coulombs, table 3) are not too dissimilar 
from those after 285 mA for 5 seconds 
(+ 1400 coulombs, table 2). 


Actd-Base Status.—Blood gases, pH, and 
hematocrit, checked before and after drugs 
and ES, showed no important differences. 


DISCUSSION 


Atropine has been routinely used for 
many years to nullify the harmful effects 
on the heart from ES-induced stimulation 
of thé parasympathetic nervous system.!-? 
However, there has not been the analogous 
routine use of an antiadrenergic agent to 
deal with the sympathetic response, even 
though a ganglionic blocker and high spinal 
anesthesia in man were reported about 20 
years ago to abolish the arrhythmias and 
rise in blood pressure produced by ES.!5 
Although there is no single drug presently 
available that can safely ameliorate all un- 
desirable cardiovascular consequences re- 
sulting from the massive activation of the 
sympathetic nervous system triggered by 
ES, our data suggest several approaches to 
this problem. 


Thus, high spinal anesthesia, by blocking 
the increase in circulating catecholamines, 
was most effective in preventing the hyper- 
tension of ES. Although impractical as a 
routine clinical procedure, this, in conjanc- 
tion with the anticholinergic effects of atro- 
pine, would reduce the deleterious cardio- 
vascular effects of ES to a minimum. PBZ 
also reduced the hypertensive response to 
ES, but by blocking alpha-adrenergic recep- 
tors rather than by preventing the release 
of catecholamines into the circulation. Atro- 
pine would also be required in this circum- 
stance, since PBZ did not prevent the cho- 
linergic-mediated asystole or arrhythmias 
after ES. 


A disadvantage of the PBZ-atropine com- 
bination is that cardiac beta-adrenergic re- 
ceptors could still be activated by the ele- 
vated catecholamines; under certain condi- 
tions of cardiopathy, such activation can be 
harmful to the heart.!? Another possibility, 
and probably the most efficacious, is use of 
a ganglionic blocker which would prevent 
both parasympathetic and sympathetic re- 
sponses to ES by inhibiting the release of 
catecholamines and acetylcholine from their 
respective storage sites. 


Indeed, we found that ganglionic block- 
ade by chlorisondamine (Ecolid) prevented 
the asystole, moderated the increase in blood 


ol 


pressure, anc abolished the rise of circulat- 
ing NE, but not of E, after ES. This im- 
plies a greater effect of the drug on sym- 
pathetic ganglia to prevent the release of 
NE from adrenergic nerve endings than on 
the adrenal medulla. However, the claim 
that the adr»nal medulla and sympathetic 
ganglia respond similarly to ganglion-block- 
ing drugs!' argues against this possibility. 
There is avicence that a drug can affect the 
secretion of NE and E from the dog's adre- 
nal medulla differently,!* which would ex- 
plain our results. 'This interpretation would 
also support our suggestion that the ES. 
induced rise in circulating catecholamines 
derives mainly from the adrenal medulla. 





We recently had occasion to use gangli- 
onic blocxad2 to control blood pressure dur- 
ing ECT in a 72-year-old man. After the IV 
administratien of 1 mg of atropine, 200 mg 
of thiopental, and 100 mg of succinylcholine, 
the ECT p-oduced a momentary cardiac 
arrest. Two days later, the patient tolerated 
ECT without asystole after receiving 2 mg 
of atropine, 140 mg of thiopental, and 100 
mg of succinylcholine, but his blood pres- 
sure rose frem control levels of 130/80 torr 
to 240/140 torr. During subsequent treat- 
ments, his blood pressure after ECT was 
maintained below 160/100 with small doses 
of IV trimethaphan, a ganglionic blocker 
tried in 1987.18 


A fina! suzgestion to prevent the undesir- 
able carciovascular effects of ECT would be 
to reduce the current strength to that needed 
for the desi-ced CNS response without the 
peripheral effects. Although earlier studies 
with ES in man have suggested that this is 
not possible.) our results (tables 2 and 3° 
varying ameunts of electricity with dogs 
cal studies, since we did obtain an effect 
with the lover doses of electricity as evi- 
denced by the increase in circulating cate- 
cholamires. but which apparently were be- 
low the threshold necessary for a significant 
cardiac affect as measured by heart rate 
and blocd pressure, 


The prolengation of asystole in nonatro- 
pinized dogs after spinal anesthesia, which 
had not bee1 previously observed, supports 
our original hvpothesis that an ES-induced 
activation o^ the autonomic nervous system 
in the presence of a sympathetic block 
would lead io a vagally-induced protracted 
asystole. Therefore, it might be advisable 
that patients suceptible to convulsions (pre- 
eclamptics, epileptics) undergoing spinal 
anesthesia be premedicated with atropine. 
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In support of this suggestion is our recent 
experience with a previously healthy patient 
who had a grand-mal seizure immediately 
followed by asystole of less than 30 seconds 
soon after arriving in the recovery room fol- 
lowing an uneventful vaginal delivery under 
spinal anesthesia without atropine premedi- 
cation. A careful analysis of the patient's 
history, laboratory findings, and neurologic 
examination did not offer a clue to the cause 
of either the convulsion or the cardiac ar- 
rest. Along these lines, the marked prolonga- 
tion of asystole in the dogs given neostig- 
mine suggests that a patient with myasthe- 
nia gravis being treated with this drug would 
be particularly at risk during ECT and 
should be well premedicated with atropine. 


Colville and coworkers!" noted that tran- 
section of the spinal cord of the dog at C-6 
abolished the blood-pressure response to ES, 
whereas bilateral adrenalectomy only re- 
duced it. Therefore, they concluded that ES 
liberated catecholamines from both the 
adrenal gland and adrenergic nerve end- 
ings. They also found that hexamethonium 
was effective as a ganglionic blocker in nul- 
lifying the hypertension, bradycardia, and 
asystole of the shock. However, since cate- 
cholamines were not measured, the relative 
role of the adrenal gland, adrenergic nerve 
endings, and other pressor substances, such 
as angiotensin, could only be inferred. 


Our results suggest that in the dog, most 
of the increase in circulating catecholamines 
derives from the adrenal medulla. Although 
we did not use adrenalectomized animals, we 
did administer N,N-Diisopropyl-N’-isoa- 
myl-n'-diethylaminoethyl-urea hydrochlo- 
ride (P-286) (5 mg/kg) to 2 dogs (data 
not shown), and the ES-induced increase in 
circulating catecholamines was prevented; 
this drug (P-286) is claimed to selectively 
inhibit the adrenal medulla in dogs at this 
dose.!* 


The data in figure 5 suggest that the ES- 
induced increase in circulating catechola- 
mines was less in the PBZ-treated dogs. 
However, this is actually due to the fact that 
PBZ itself significantly (p«0.05) increased 
the preshock levels of catecholamines over 
those obtained in the saline-treated controls 
(34 ng/100 ml versus 18.5 for NE, and 116 
ng/100 ml versus 34.4 for E, table 1). As- 
suming that the ES is already producing a 
maximum catecholamine response, if we 
start at a higher baseline, as in the PBZ- 
treated dogs, the postshock percentage in- 
crease will appear less in those animals. 


However, if we correct for this factor, the 
percentage increase in catecholamines after 
PBZ plus ES is similar to that after ES in 
the saline-treated controls. The PBZ-in- 
duced increase in endogenous circulating 
catecholamines, an effect recently reported 
in the rat,!? can be explained on the basis 
of an increase in biosynthesis, an inhibitory 
effect on the adrenergic reuptake mecha- 
nism, and an enhanced release from adrener- 
gic nerve endings.!??! 


If an adrenergic mechanism is responsible 
for the phenomenon of vagal escape, we 
would have expected propranolol to prolong 
the ES-induced asystole by virtue of its 
beta-adrenergic blocking action. There was 
a trend in this direction, but it was not of 
sufficient magnitude to reach statistical sig- 
nificance. We used a relatively large dose of 
propranolol, but it may have been inade- 
quate to compete with the massive amount 
of ES-induced circulating catecholamines. 


An alternative possibility is that the 
quinidine-like action and local anesthetic 
effects of this relatively large dose of pro- 
pranolol?? may have reduced the excitability 
of the heart and thereby protected it against 
the asystole-producing effect of ES. Indeed, 
quinidine has been used to prevent ECT- 
induced arrhythmias in patients with car- 
diac disease.?? That the propranolol did 
block beta-adrenergic receptors was evident 
from the significantly slower heart rate in 
these dogs (fig 4). Also, the tilt test-induced 
increase in heart rate in the control period 
was not seen after propranolol administra- 
tion. We did not use the heart-rate response 
to a test dose of isoproterenol to evaluate 
propranolol block since isoproterenol would 
interfere with plasma catecholamine analy- 
sis, 


An intriguing observation in the dose- 
response experiments (tables 2 and 3) is 
that a + 5-fold increase in circulating cate- 
cholamines was required to produce a meas- 
urable cardiovascular response. This agrees 
with the report by Cohen's group?! who 
found that with the infusion of NE and E 
in man, a 5-to-10-fold increase in plasma 
catecholamines occured before there was a 
change in blood pressure and heart rate. 
Also, as in our experiments, heart rate 
changed before blood pressure. That there 
appears to be a discrepancy between the 
hemodynamic response and circulating cate- 
cholamine levels as noted here and in the 
observation (vide supra) that the post-ES 
catecholamines and cardiovascular effects 
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had not returned to control values simalta- 
neously, probably is a reflection of the rela- 
tively imprecise knowledge of the status of 
tissue receptor sites obtainable from m2as- 
uring plasma levels of an agonist. 


The curves in figure 6 resemble those ob- 
tained after the administration of catecnol- 
amines to man, dog, and cats.25-"8 The in:tial 
precipitous drop, the rate of which depends 
on the height of the initial peak, has been 
mainly ascribed to diffusion and redistrbu- 
tion. Metabolism, however, is also involved, 
since Axelrod and associates?! ?? found chat 
within 2 minutes after an injection cf tri- 
tium-labeled NE and E in cats, the amounts 
of the O-methylated metabolites approxi- 
mated those of the parent amines. Uptake of 
the catecholamines at adrenergic storage 
sites, along with metabolism and excretion, 
account for the subsequent decline.?? 


As pointed out by Mangan and Mason? 
and depicted in figure 6, the very rapid dis- 
appearance of the catecholamines from plas- 
ma precludes an accurate measuremen£ of 
the amount released into the circulation un- 
less the sampling is completed within 1 min- 
ute from the start of the ES. 
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CARINAL RESECTION. An anesthetie technique for carinal resection operations 
without cardiopulmonary bypass is described. Following division of the airways below 
the lesion a sterile armored tube is placed in each bronchus. Two anesthesia teams and 
ventilating systems are utilized. When required for surgical exposure a single lung 
may be selectively ventilated with the opposite pulmonary artery occluded to reduce 
the shunt effect. (Theman TE, Kerr JH, Nelems JM et al: Carinal resection, A report 
of two cases and a description of the anesthetic technique. J Thor Cardiovas Surg 71: 


314-320, 1976) 
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Spontaneous Recovery From Nondepolarizing Neuromuscular 
Blockade: Correlation Between Clinical and Evoked Responses 
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The effects of nondepolarizing muscle relaxants 
were allowed to wear off spontaneously in 10 
ASA class III and IV patients following major 
surgery. Neuromuscular and respiratory ?unc- 
tion were followed by clinical testing and by 
evoked muscle responses using a train of 4 
(TOF) supramaximal stimuli. At a TOF of 
70 percent (range 62 to 78%), all patients sus- 
tained eye-opening, hand-grasp, and tongue- 
protrusion, while 9/10 sustained head-lift. Vital 
capacity (VC) averaged 17 ml/kg wher the 


HE degree of neuromuscular blockade 

produced by nondepolarizing muscle re- 
laxants can be evaluated by various bedside 
tests, such as the ability to sustain head- 
lift! or to maintain muscular contractien in 
response to tetanic nerve stimulation.“ While 
sustained head-lift is as sensitive as high- 
frequency tetanus stimulation,’ these meth- 
ods only estimate the degree of neuromuscu- 
lar blockade present at any given time. In 
addition, the sustained stimulation at 95 to 
30 Hz needed to produce the tetanic state 
is painful to the unanesthetized patient. 


The objective method of Ali and associ- 


*Clinical Fellow in Anaesthesia. 
*Associate Professor of Anaesthesia. 
{Clinical Fellow in Anaesthesia. 


$ Assistant Professor of Anaesthesia. 


TOF rezched 70 percent. The increase in VC 
correlated with the increase in TOF (r = 0.88). 
There was no correlation between inspiratory 
force (IF) and TOF, but all patients achieved 
an IF ecual to or greater than —22 em H0 at 
70 percent. Thus, TOF correlates well with clin- 
ical signs of neuromuscular and respiratory re- 
covery in this group of patients and comple- 
ments earlier studies in healthy anesthetized 
patients and nonmedicated volunteers. 


ates?" for quantitating the exact degree and 
rate of change of neuromuscular blockade, 
using a train of 4 supramaximal stimuli ap- 
plied to the ulnar nerve at a frequency of 
2 Hz, has been described in this Journal 
and elsewhere. The ratio of amplitude of 
the 4th to the lst evoked response is a 
sensitive, reproducible, and painless means 
of assessing the extent of neuromuscular 
blockade and of patient comparison. 


Ali and Kitz? showed that the train-of-4 
(TOF) technic correlated well with clinical 
signs of neuromuscular recovery in healthy 
patients (ASA classes I and II) undergoing 
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abdominal surgery, in whom nondepolariz- 
ing block was reversed with neostigmine. 
Recovery, as indicated by clinical tests of 
neuromuscular and respiratory function, was 
evident when the TOF was at least 75 per- 
cent. Ali, Wilson, and others? also studied 
nonmedicated conscious human volunteers 
and found that both vital capacity (VC) 
and inspiratory force (IF) were minimally 
reduced when the TOF was 60 percent. 


In our Recovery Room-Acute Care Unit, 
many ASA class III and IV patients are 
seen who have undergone major surgery 
and require postoperative respiratory sup- 
port. Muscle relaxants are allowed to wear 
off spontaneously, and the patients are ven- 
tilated until they demonstrate, by clinical 
testing, sufficient neuromuscular recovery 
and respiratory reserve to allow safe extuba- 
tion. We wished to determine if these clini- 
cal signs correlated with the TOF in these 
patients as they did in healthy patients 
whose neuromuscular blockade was pur- 
posely reversed. 


We were particularly interested to see if 
the close relationship between the TOF and 
the amount of respiratory reserve present in 
nonmedicated volunteers is present in this 
group of patients also. If a consistent cor- 
relation does exist between the clinical signs 
of neuromuscular and respiratory recovery 
and the TOF, clinical testing alone should 
accurately indicate when patients are ready 
for extubation. 


MATERIALS AND METHODS 


Ten patients, all ASA class III or IV, 
undergoing major surgery, were studied. 
None had neuromuscular disease preopera- 
tively. Seven procedures were elective, three 
were emergencies. Four patients received no 
premedication; the other 6 were premedi- 
cated IM as shown in table 1. 


After intubation with succinylcholine (6 
patients), d-tubocurarine (2 patients), or 


TABLE 1 
IM Premedication Given 6 Patients 


nvr TTS TTT NAABERSAAR 


Atropine, 0.25 mg 

Morphine, 10 mg 

Morphine, 5 mg; diazepam, 5 mg 
Morphine, 10 mg; scopolamine, 0.4 mg 


Meperidine, 75 mg; diazepam, 5 mg; atropine, 
0.5 mg 


Morphine, 10 mg; diazepam, 10 mg; scopola- 
mine, 0.2 mg 


TABLE 2 


Criteria for Extubation 





1, Ability to sustain eye-opening, hand-grasp, 
head-lift, and tongue-protrusion for at least 
5 seconds. 

VC of 10 to 15 ml/kg. 

IF of at least —25 em H:O. 


Respiratory rate less than 25 to 30/min. 


e» og om 


i 
* 


Paco, between 35 and 45 torr; AaDo: be- 


tween 50 and 200 torr. 
. 


pancuronium (2 patients), 9/10 patients re- 
ceived morphine as their principal analgesic 
or as a supplement to N.O-O, with halo- 
thane, enflurane, or diethyl ether. All pa- 
tients received d-tubocurarine and/or pan- 
curonium for relaxation. Ventilation was 
controlled either mechanically or manually. 
After operation, patients were transferred to 
the Recovery Room-Acute Care Unit, where 
anesthetic agents and muscle relaxants 
were allowed to wear off spontaneously while 
ventilation was supported. 


The study commenced when patients 
were awake enough to obey simple verbal 
commands. The TOF ratio and status of 
neuromuscular and respiratory function 
were determined hourly or more frequently 
as indicated. Patients were extubated only 
when they demonstrated clinical reversal of 
neuromuscular blockade and development 
of adequate respiratory reserve to conform 
with all criteria shown in table 2. 


Neuromuscular block was monitored by 
following the evoked mechanical twitch re- 
sponse of the adductor pollicis brevis to 
supramaximal stimuli in a train of 4 at a 
frequency of 2 Hz and stimulus duration of 
0.2 msec via subcutaneous metal needle elec- 
trodes replaced over the ulnar nerve. Each 
train was repeated every 10 seconds. The 
thumb was attached to a semiconductor 
force-transducer assembled in a specially 
designed armboard. A digital readout cir- 
cuit calculated and displayed the ratio of 
the 4th to the 1st response.* 


The TOF ratio was not considered in the 
decision to extubate. All measurements were 
repeated before and 30 minutes after extu- 
bation, at which time the study was ter- 
minated. 





*Ali HH, Department of Anesthesia, Massachusetts 
General Hospital, Boston, Massachusetts: Personal 
communication. 
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RELATIONSHIP OF VITAL CAPACITY TO TRAIN OF FCUR 
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TRAIN OF FOUR (XJ 
Ficure. Vital capacity correlated well with TOF. 
Solid lines indicate individual patient regression 
lines. The dashed line combines all data points 
into a single regression line. 


RESULTS 

All patients had a TOF of 82 percent or 
greater when extubated, and none required 
reintubation. Prior to extubation, during 
spontaneous ventilation, Paco, was 40.6 + 
2 torr (1 SE) and pH 7.39 + 0.02. Approxi- 
mately 30 minutes after extubation, Paco. 
was 44 + 5.5 and pH was 7.37 + 0.06. Ata 
TOF of 70 percent (range 62 to 78%), all 
patients sustained eye-opening, hand-grasp, 
and tongue-protrusion, while 9/10 sustained 
head-lift. This range corresponded with the 
TOF of 75 percent found by Ali and Kitz‘ 
to indicate adequate clinical recovery in 
healthy reversed patients. 


When the TOF reached 70 percent. VC 
had increased 2 or 3 times that initially 
measured, averaging 17 ml/kg (figure). The 
improvement in VC correlated with the in- 
crease in the TOF ratio (r = 0.88, y = 11x 
+ 255, where x = TOF), but IF dic not 
correlate with 'TOF. However, all patients 
had an IF of —22 cm HO or greater at 
extubation. The time from last increment 
of relaxant to a TOF of 70 percent averaged 
4.5 hours, ranging between 2 to 10 hours. 
The data were not influenced by the choice 
of premedication or anesthetic agent, dosage 
of nondepolarizing muscle relaxant (d-tubo- 
curarine average 31 mg, pancuronium aver- 
age 9 mg) or time from last dose of relaxant 
to beginning the study. 


DISCUSSION 
The good correlation between the TOF 
and clinical signs of recovery of neuromus- 
cular function and VC previously observed 
in healthy anesthetized patients’ and non- 
medicated conscious volunteers? also exists 
in this group of major surgery patients 
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whose relaxants were not reversed. As with 
the prev:ous studies, ability to satisfactorily 
perform the clinical tests of neuromuscular 
function indicated adequate reversal of neu- 
romuscular block to permit extubation, pro- 
vided respiratory reserve were sufficient. Pa- 
tients without a history of lung disease dem- 
onstrated adequate VC and IF for extuba- 
tion at a ratio of 70 percent. 


Only 1 patient needed prolonged ventila- 
tion because of inadequate mechanics of 
respiration after neuromuscular blockade 
had worn off. A 20-pack-year smoker with 
a history ef polio in childhood, he was 
extubated 5.5 hours after his TOF ratio 
reached 70 percent with a VC of 12.8 ml/kg 
and an IF of —40 cm H,O. His TOF ratio 
had been greater than 90 percent for 2 hours 
before extubation. 


With the present study, both the TOF 
and the clinical tests of neuromuscular and 
respiratery function have now been exam- 
ined in all classes of patients, undergoing 
the full range of anesthetic technics and sur- 
gical procedures, and whose neuromuscular 
blockade has either been reversed with 
prostigmine or has been allowed to wear off 
spontanzously. This means that clinical 
testing alone may be used in cooperative 
patients, if mechanical means of testing 
CTOF, Block Aid? monitor, etc) are not 
available. Conversely, the TOF alone may 
be used in patients unable to follow simple 
commands (particularly before emergence 
from general anesthesia). 


These data expand upon the work of Ali 
and Kitz,? who evaluated the TOF in ASA 
class I and II patients whose neuromuscular 
blockade was reversed with prostigmine, 
since they found the same correlation be- 
tween the TOF and clinical signs of recov- 
ery. Furthermore, in comparing respiratory 
function tests to the TOF in healthy un- 
anesthetized volunteers, Ali and Kitz? found 
that at a TOF of 60 percent, VC and IF 
were only minimally reduced. This supports 
our finding that the TOF averaged 82 per- 
cent at a time when patients met the me- 
chanical criteria for extubation, well above 
the 68 percent level noted earlier. 


Clinical Implications.—These data have 
several clinical implications. Provided pa- 
tients have sufficiently recovered from their 
anesthetic state to cooperate with the exam- 
iner, the clinical tests of neuromuscular and 
respiratory function reliably assess reversal 
of neuromuscular blockade for extubation 
and compare well with the TOF. These tests 
are simple, reproducible, and require no 
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equipment except a spirometer and a man- 
ometer. In contrast, monitors are not as 
readily available, and, with the Block-Aid 
monitor, practice in interpreting the changes 
in twitch height and tetanus is necessary. 


If the patient can satisfactorily respond 
to tests of neuromuscular function but can- 
not be extubated, some nonneuromuscular 
cause of respiratory insufficiency must be 
sought. These include, for example, depres- 
sion of central respiratory drive secondary 
to residual anesthesia, parenchymal lung 
disease, or mechanical limitations to ven- 
tilation caused by splinting or kyphoscoli- 
osis. In contrast, for those patients either 
still anesthetized or otherwise unable to co- 
operate in performing the clinical tests, the 
TOF is a sensitive, reliable, and reproduci- 
ble method of quantitating the depth and 
rate of change of neuromuscular blockade. 


Unlike the Block-Aid monitor, TOF does 
not use tetanic stimulation, and therefore, 
is painless. It also has its own control, the 
Ist twitch, so that assessment of twitch height 
prior to administration of relaxants is not 
necessary. The time from last increment of 
relaxant to TOF of 70 percent varied great- 
ly, ranging from 2 to 10 hours, implying an 
unpredictable duration of effect. Therefore 


serial testing over several hours will often 
be required to determine when the block 
has worn off enough to permit extubation. 
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BRONCHOPLEURAL FISTULA. Acute respiratory failure may require high positive 
airway pressures to reverse hypoxemia. Barotrauma may result as manifested by 
pneumothorax and bronchopleural fistula. Tube thoracoplasty may relieve the pneumo- 
thorax but loss of gases through the fistula may make application of positive end- 
expiratory pressure (PEEP) difficult. Yet, when PEEP is removed hypoxemia may 
occur. The authors successfully treated 3 patients developing bronchopleural fistula 
by using positive intrapleural pressure. Application of positive intrapleural pressure 
to the intrapleural space (equal to PEEP) via the thoracostomy tube decreased the 
bronchocutaneous pressure gradient and minimized gas leakage. In these patients 
the PaO: improved following application of positive intrapleural pressure suggesting 
the restoration of PEEP provided a better matching of ventilation to perfusion. ( Downs 
JB, Chapman RL: Treatment of bronchopleural fistula during continuous positive pres- 


sure ventilation. Chest 69:363-366, 1976) 
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Diffusion Hyperoxia Following Preoxygenation 
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Several minutes of 100 percent O, breathing 
prior to inhalation induction with 79 percent 
N.O results in consistently higher Pao, values 
during the first 10 minutes compared with prior 


C ONFIRMING the earlier work and predict- 

ed calculations of others, ë we pre- 
viously reported‘ that the uptake of N.O at 
the beginning of anesthesia concentrates O. 
in the lungs, resulting in a brief rise in Pao,. 
The extent of this "diffusion hyperoxia" 
amounted to 28 torr on the average, with a 
theoretic rise of 56 torr if the lungs could 
be instantaneously denitrogenated and filled 
with 79 percent NO in O.. In our previous 
study, patients were anesthetized, then ven- 
tilated with room air followed by an acute 
change to 79 percent N.O:21 percent Où. 
It was suggestedtt to begin with a common 
clinical procedure of patients breathing 100 
percent OQ. and then switch to the N,O:O, 
combination. The purpose of the present 
study was to compare the changes in Pao, 
during the initial phase of N,O:O, adminis- 
tration following a period of O. rather than 
air breathing. 


t*Ward R: Personal communication. 


*Associate Professor of Anesthesiology. 

* Assistant Professor of Anesthesiology. 
iProfessor and Chairman of Anesthesiology. 
$Staff Nurse Anesthetist. 

i Staff Nurse Anesthetist. 


air brezthirg. The theoretic maximum concen- 
trating action of N-O uptake upon O» is ap- 
proximately the same (60 torr) regardless of 
gas breathed before induction. 


METHOD 


Informed consent was obtained from 22 
healthy ycung (mean age=20) parturients 
at elective termination of pregnancy, select- 
ed from tie daily operating schedule. No 
one with € history of cardiopulmonary dis- 
ease was included. A catheter was inserted 
into a racial or brachial artery preoperative- 
ly and a control sample withdrawn for pH 
and partial pressures of O, and CO.. Anes- 
thesia was. then induced with thiopental and 
succinvlcholine. Lungs were ventilated with 
O., and the trachea intubated. Mechanical 
ventilatior was continued with 100 percent 
QO. for 5 minutes, anesthesia being main- 
tained with thiopental and succinylcholine 
infusions. 


After another arterial sample had been 
drawn, the gas mixture was acutely changed 
to N.O:C., 79:21. Arterial samples were 
then drawn every 30 seconds up to 5 min- 
utes, then at 7 and 10 minutes. Following 


**Department of Anesthesiology, State University of New Ycrk ct Buffalo, School of Medicine; and the 
Edward J. Meyer Memorial Hospital, Buffalo, New York 14215. 
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Minutes 
Fig 1. O = changes in Pao, with 79% N,0:21% 
O, following preoxygenation. * = changes in Pao, 


with 79% N,O:2195 O, following ventilation with 
room air.‘ Semilogarithmic scale; extrapolation of 
both curves back to 0 time indicates that the theo- 
retic extent of diffusion hyperoxia would be approxi- 
mately 60 torr if the gas in the lung could be 
instantaneously exchanged for 79% N,O0:2195 O, 
Following preoxygenation, Pao, remains at least 
16 torr above control in healthy young patients for 
as long as 10 minutes. 


the change to N,O:O,, the thiopental in- 
fusion was discontinued. Five additional pa- 
tients were studied in similar fashion, except 
for being ventilated with air rather than 
N,O:O, and receiving thiopental through- 
out the sampling period. 


Partial pressures of O, and CO, were 
measured with radiometer electrodes at 
37? C, as was pH. Inspired concentration of 
O, was measured with a Beckman Model C2 
polarigraphic analyzer. A nonrebreathing 
system was used throughout to insure con- 
stant inspired gas mixtures. 


RESULTS 


The mean preoperative Pao, was 102 
torr, assuring a minimum of gas exchange 
defects in the group (fig 1). The initial 
samples drawn during 100 percent O, ad- 
ministration démonstrated a mean Pao, 
value of 370 torr above preoperative levels. 
From the 2.5 to the 7-minute samples, an 
essentially straight line decay, recorded on 
semilog paper, ranged from 45 to 16 torr 
above preoperative controls. Extrapolation 
of the curve back to 0 time indicates that 
the instantaneous turnover from 100 percent 
to 79 percent N.O in O, would produce a 
maximum diffusion hyperoxia of 68 torr, 


slightly above the level measured in our pre- 
vious study. 'The Pao, did not return to 
baseline but remained 16 torr above control 
up to 10 minutes. 


In figure 2, changes in Pao, during NO 
uptake are compared with changes in the 5 
patients ventilated with air following O.. 
For the simple O, washout curve, straight- 
line exponential decay occurred, with return 
to baseline in 5 minutes. The 3-torr Pao, 
above control at 5 minutes is within the 
limit of error of measurement. 


DISCUSSION 


The prediction confirmed our previous 
finding* that an instantaneous substitution 
of N,O for N, in the lungs would concen- 
trate O, a maximum of 55 to 60 torr. Inas- 
much as a homogeneous lung was used as 
a model for the prediction, it appears that 
for young, healthy individuals used in the 
2 studies, gas exchange occurs very much 
as it would in a single unit. The intercept 
of the curve in figure 1 on the ordinate 
slightly above the lower curve is most likely 
accounted for by the additive concentrating 
action of O, upon itself; that is, while O.» 
is being washed out and replaced by N.O, 
the pulmonary blood flow continually ab- 
sorbs O, in sufficient quantity to produce a 
measurable concentrating action. 
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Fig 2. O = changes in Pao, with 79% N,0:21% 
O, following preoxygenation. * = changes in Pao, 


with air, following preoxygenation (O, washout 
curve). Semilogarithmic scale; these curves indicate 
that changes in Pao, during N,O uptake following 
preoxygenation do not result from a simple O. 
washout curve. 


- 
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TABLE 
Mean Changes in Paos During Uptake of 
79% N40:2196 O, Following Preoxygenation 
Video ce a a ARMORUM el 


Change in Paos {torr} above 


Time, minutes preoperative level 


Preop (air) 0 
0 (100% Oz) 370 
0.5 159 
1 106 
1.5 80 
p^ 64 
2.5 44 
3 36 
3.5 32 
4 30 
4.5 27 
b 25 
T 16 
10 16 





'The fact that in figure 2, Pao, remained 
an average of 16 torr above the preoperative 
level up to 10 minutes after N.O, rather 
than returning to baseline as after N, 
breathing, can also be explained theoreti- 
cally. If some areas of the lung were poorly 
ventilated with respect to their perfusion, 
in the range of V,/Q of 0.1 (normal 6.85), 
N, would largely be eliminated from these 
areas during 5 minutes of O. breathing. 
Such areas, if filled with N,O:O, when the 
mixed venous N.O is very low, will actually 
result in a greater concentrating action of 
N,O upon O, than in normally ventilated 
areas. For example, in normally ventilated 
areas, the instantaneous substitution of 79 
percent N,O for N, would produce a con- 
centrating action of 55 to 60 torr upon O, 
(table). The same process in a compart- 
ment with a low V,/Q would produce an 
Q.-concentrating effect of up to 90 torr.* 
Since N.O is 30 times more soluble than N», 
its uptake will have a significant concentrat- 
ing action upon O,, but the N, will have a 
negligible effect. Thus, the dissimilarity of 
the 2 curves indicates that the lung does not 
behave exactly as a single gas exchange 
unit in the ASA class 1 patients in this 
study. Otherwise, the two O, washout curves 
in figure 2 would have been identical. This 
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raises fhe interesting speculation that a 
method of improving oxygenation in patients 
with knowr areas of underventilation is by 
substituting a soluble inert gas (eg, N.O) 
for N». 


One may question whether 5 minutes of 
O» inhalation is sufficient for N, washout. 
Since the mean Pao. found at that time was 
approximately 570 torr, the answer is ob- 
viously no and the study is legitimately 
criticized from that point of view. How- 
ever, we were interested in determining the 
events that might occur during a reasonable 
clinical precedure. In our own practice, we 
recommenc that a mask be placed upon the 
patient's fece and O, inhalation be begun 
ahead cf such routine chores as placing the 
blood-pressure cuff and IV conveyance. 
Furthermore, the complete elimination of 
N. and reolacement with O, can produce 
atelectasis within a few minutes, resulting 
in a lung that also is not a perfect gas- 
exchange o-gan.? This phenomenon will not 
occur during air breathing after O», since N, 
produces a negligible concentrating action 
due to its .nsolubility. 


We prev .ously* recommended the use of 
80 percent N,O to facilitate inhalation in- 
duction by rapidly achieving a high concen- 
tration of N.O and maximizing its concen- 
trating action on O, and other potent inhal- 
ants. Frior oxygenation adds an additional 
safety facter. 
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Four cases describing the use of enflurane as 
the main anesthetic during surgical removal of 
pheochromocytoma (PCC) are presented and 
the preoperative preparation and intraoperative 
management of the patients are discussed. Se- 
rum levels of epinephrine and norepinephrine 
were measured in 3 of the reported cases. Intra- 
operative values were extremely elevated during 


Te anesthetic management of the pa- 
tient with a pheochromocytoma (PCC) 
remains a challenge for the anesthesiolo- 
gist.'? Much of the preoperative and intra- 
operative management is directed toward 
the prevention of potentially dangerous al- 
terations in heart rate and rhythm and the 
avoidance of extreme elevation or decrease 
in arterial blood pressure (BP). 


Halothane anesthesia has been recom- 
mended by a number of authors because of 
its hypotensive effect.*^ However, the high 
incidence of arrhythmias observed during 
halothane anesthesia and the well-known 
tendency of halothane to stimulate cate- 
cholamine activity have led other investi- 
gators to question its use in patients with 


tumor manipulation, but there was only 1 minor 
episode of arrhythmias. Criteria for choosing 
anesthetic agents for surgical removal of PCC 
are outlined. The authors conclude from their 
experience and that of others that enflurane 
is as safe and effective an anesthetic as any 
now available for PCC excision. 


PCC.*5 Because both methoxyflurane and 
fluroxene produce a low incidence of ar- 
rhythmias, each of these has been recom- 
mended as the anesthetic of choice for 
PCC,'" but nephrotoxicity of the former 
and explosive properties of the latter are 
definitely disadvantageous. 


We employed enflurane anesthesia in 4 
cases of PCC removal and feel that it may 
have several advantages over other current- 
ly advocated anesthetic technics for this 
procedure. 


Case 1.—A 31-year-old man was admitted 
with an 18-month history of severe head- 
aches. Admission BP was 172/114 torr: 
hemoglobin (Hb), 16 gm/100 ml; hemato- 
crit (het), 48.4 percent. Levels of urinary 
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metanephrine and catecholamines were 
5.68 mg (N= «13 mg) and 704 mcg 
(N = «100 meg), respectively. A left renal 
arteriogram revealed a tumor anterior to the 
left kidney consistent with a PCC. An HCG 
showed a diffuse ischemic change. Treat- 
ment with phenoxybenzamine (10 mg/8 hr) 
and propranolol (10 mg/8 hr) was started; 
the propranolol was discontinued the night 
before operation. After 7 days, Hb and hct 
fell to 12.3 gm/100 ml and 38 percent, re- 
spectively. 


The patient was premedicated with me- 
peridine (100 mg), droperidol (5 mg), and 
atropine (0.4 mg) IM. Preinduction BP was 
140/80 torr and heart rate was 82/min. 
d-Tubocurarine (5 mg) was given IV and 
anesthesia was induced with thiopental (300 
mg). Tracheal intubation was facilitated 
with succinylcholine (120 mg). 


Following intubation, BP increased to 
190/100 torr and heart rate to 110/min, then 
slowly returned to preinduction levels. 


Anesthesia was maintained with enflurane 
(1 to 3% inspired concentration) and N.O 
(50 to 70%) in O.. Respiration was con- 
trolled with an Air Shields? ventilator. Cen- 
tral venous pressure (CVP), ECG, and 
arterial BP were continuously displayed and 
periodically recorded. During manipulation 
of the tumor, BP rose to 225/120 torr and 
heart rate to 130/min. Sodium nitroprusside 
(0.005%) was administered by IV micro- 
drip to maintain systolic pressure below 200 
torr. No arrhythmias were noted through- 
out the entire procedure. One unit of whole 
blood was transfused rapidly after removal 
of the tumor. The postoperative period was 
uneventful and the patient was discharged 
12 days after the surgical procedure. 


Case 2.—A 51-year-old woman was hos- 
pitalized for management of dizziness, vis- 
ual blurring, palpitations, dyspnea, pound- 
ing headaches, nausea, substernal pressure, 
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and cold, cammy skin. Admission BP was 
300/150 torr, with a heart rate of 56/min. 
The ECG showed a prolonged QT interval, 
left atrial hypertrophy, ST segment changes, 
and bradycardia. After a test dose of phen- 
tolamine (2 mg IV), BP dropped to 150/80. 
Treatment with phenoxybenzamine (10 
mg/8 hr) and propranolol (10 mg/8 hr) was 
started and the occasional hypertensive 
crises were managed with phentolamine (5 
mg IV) 


Over a period of 10 days, Hb and hct fell 
from 16.2 zm/100 ml and 56 percent to 
10.4 gm/100 ml and 30.8 percent, respec- 
tively. On the night before operation, pro- 
pranolol was discontinued and the patient 
was given 1 unit of whole blood. Preopera- 
tive electrolytes, chest x-ray, blood gases, 
and urinalysis were all within normal limits. 
'The urinary and serum catecholamine levels 
remained elevated (measured by ion-ex- 
change column chromatography and spectro- 
photofluorometry,!? table 1). Premedication 
was witn morphine (10 mg), diazepam (5 
mg), and atropine (0.4 mg). Two large- 
bore IV lines, a CVP, and an arterial line 
(radial) were inserted. ECG and arterial 
pressure tracings were continuously dis- 
played and recorded. 


Anesthesia was slowly induced with IV 
thiopental and enflurane by mask. Approxi- 
mately 7 minutes after the administration 
of pancurenium (6 mg), the trachea was 
intubated. During manipulation of the tu- 
mor, no arrhythmias or premature ventricu- 
lar beats oecurred despite a rise in BP to 
260/120 and in heart rate to 140. Blood 
gases, CVP, temperature, and urinary out- 
put remained stable throughout. Arterial 
blood samples were drawn for serum cate- 
cholamine levels (table 2). There were no 
postoperative complications and the patient 
was discharged normotensive, without medi- 
cations, on the 10th postoperative day. 





TABLE 1 
Preoperative Laboratory Valves 

Case number Normal 1 2 3 4 
Urinary metanephrine mg/24 hr 0.5-1.3 5.63 ND 0.67 5 
Urinary vanillyimandelic acid 
(VMA) mg/24 hr 2.6-6.5 ND 25.8 ND 15 
Urinary catecholamines meg /24 hr 119-338 704 686 ND 1797 
Serum epinephrine meg/L 0.06-0.4 ND 4.32 4.21 0.44 
Serum norepinephrine meg/L 0.1-0.8 ND 13.4 0.35 4.53 


ND-—no data. 
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TABLE 2 


Intraoperative Laboratory Values 
Serum Catecholamines, mcg/L 





Case number E NE 
Preinduction 2.58 0.44 
Postinduction 2.92 0.51 
Postintubation 3.36 0.43 
Incision 
Tumor manipulation 12.4 56.6 

26.6 34.5 
Tumor removed 3.06 7.15 
Recovery room 3.44 2.57 


3 4 

E NE E NE 
4.2 0.35 0.30 5.41 
5.37 0.35 0.93 4.91 
6.95 0.35* 0.56 4.52 
0.30 9.68 
85.2 35.4T 3.25 14.55 
106.0 10.15 4.23 29.58 
91.2 4.61f 0.69 7.00 
2.04 0.35 0.94 9.46 





E = epinephrine; NE = norepinephrine (for Method, cf ref). Enflurane blood levels were measured only 
in case 3, using a flame ionization detector; values ranged from 1.4 to 13 mg/100 ml. 


*4.5 mg/100 ml. 
113 mg/100 ml. 
17.6 mg/100 ml. 


Case 3.—A 43-year-old woman was ad- 
mitted with a history of severe headaches. 
Admission BP was 240/120 and heart rate, 
102/min. She also had generalized neuro- 
fibromatosis and was a known sickle cell 
carrier. Admission Hb and hct were 8.6 
gm/100 ml and 25 percent, respectively. An 
arteriogram revealed a mass in the left 
adrenal area. Because the cell volume was 
1200 ml (N = 1800) and plasma volume 
2400 ml (N = 2400), the patient was trans- 
fused with 2 units of packed red cells. The 
same treatment with propranolol (10 mg/8 
hr) and phenoxybenzamine (10 mg/8 hr) 
as in case 1 was started. The ECG showed 
extensive anterolateral-wall ischemia, which 
normalized over 15 days. No clinical symp- 
toms or laboratory evidence of myocardial 
infarction were found. 


On the day before operation, her Hb and 
hct were within normal limits and her BP 
was 110/80. Propranolol was discontinued 
the night before operation. The patient was 
premedicated IM with meperidine (100 
mg), droperidol (5 mg), and atropine (0.4 
mg). In the operating room, BP had risen to 
200/100 and heart rate to 100/min. 


After preoxygenation, anesthesia was in- 
duced with thiopental (200 mg) IV, pan- 
curonium (9 mg) was given IV, and enflu- 
rane (2%) started by mask. With intuba- 
tion 5 minutes later, BP increased to 215/ 
120 and heart rate to 140/min. During ma- 
nipulation of the tumor, a bigeminal beat 
was noted. After 2 injections of lidocaine 
(50 mg each within a 3 min period) failed 


to convert the arrhythmias, propranolol (0.5 
mg) was given IV, converting the arrhyth- 
mias within 2 minutes. The remaining anes- 
thesia course was uneventful. 


Removal of the tumor resulted in a mod- 
erate decrease in arterial BP and CVP and 
in catecholamine blood levels (table 2). In 
this patient only, enflurane blood levels 
were measured periodically by a flame ion- 
ization detector,!! values ranging from 1.4 
to 13 mg/100 ml (table 2). The decrease 
in enflurane blood concentrations from 13 
to 7.6 mg/100 ml after tumor removal was 
the result of lowering the inspiratory con- 
centration of enflurane to avoid a further 
decrease in blood pressure. 


There were no immediate postoperative 
complications; however, several hours later, 
in intensive care, the patient’s Pao, fell 
from 101 to 57.9 torr and her respiratory 
rate rose to 40/min. A chest x-ray and lung 
scan showed multiple bilateral pulmonary 
emboli, which responded to anticoagulant 
therapy. The patient improved gradually 
and was discharged in satisfactory condi- 
tion. 


Case 4.—A 60-year-old woman was ad- 
mitted with an ll-year history of hyperten- 
sion. Her admittance BP was 190/110 torr, 
with a pulse of 130/min. Her Hb, hct, and 
ECG were within normal limits. Further 
studies showed a T, value of 325 (N = 120 
to 312) and a hot nodule on thyroid scan. 
The lumbar arteriogram showed a mass un- 
derlying the left kidney consistent with 
a finding of PCC. Phenoxybenzamine 
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(30 mg/12 hr) and propranolol (20 mg/6 
hr) were given, the propranolol being 
stopped the night before operation. 


The patient was premedicated with mor- 
phine (5 mg), secobarbital (100 mg), and 
atropine (0.4 mg). Before induction of an- 
esthesia, BP was 170/80, with a heart rate 
of 100/min. Anesthesia was induced with 
thiopental (300 mg IV) and enflurane (1 to 
395) in N.O-O, (50:50). Vital signs were 
monitored as in prior cases. Approximately 
5 minutes after administration of pancuro- 
nium (6 mg), the trachea was intubated 
with a cuffed tube. The BP gradualiy fell 
to 110/60 and the heart rate to 90/min. but 
following skin incision, they rose to 200/100 
and 120/min. 


Occasional premature atrial beats were 
noted but disappeared after the BP was 
controlled by intermittent administration of 
phentolamine (0.01%) by drip, except dur- 
ing manipulation of the tumor. Packec red 
cells (2 U) were given after tumor removal. 
The systolic BP remained above 110 during 
the postoperative period and the patient 
was discharged normotensive and in satis- 
factory condition. 


DISCUSSION 


Although advances in the preoperative 
management of patients with PCC have 
greatly reduced intraoperative mortality and 
complications, the anesthetic management 
of the patient with such tumors still remains 
a challenge for the anesthesiologist. While 
a postoperative mortality as high as 25 to 
45 percent was reported in the pre-1950 
era,!? and is currently much less (report- 
edly from 395? to 10 to 20951.1?), PCC is 
still too often complicated by abrupt and 
severe BP changes which result in severe 
cardiovascular crises.!* 


Treatment with alpha-adrenergic block- 
ing drugs, a treatment for PCC introduced 
by Johns and Brunjes!* in 1962, in addition 
to competing for norepinephrine- and epi- 
nephrine-sensitive receptors, tends to re- 
establish normal intravascular volume and 
thus decreases the possibility of severe hy- 
potension following tumor removal. The pre- 
operative management of PCC can also be 
enhanced by use of beta-adrenergic blocking 
drugs, both to protect against arrhythmias 
and to permit reduction of the amount of 
alpha-blocking drugs needed to control blood 
pressure.! 


Whether propranolol should be continued 
during anesthesia or, if not, how long it 
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should >e discontinued, has been highly 
controversial? Previous reports have indi- 
cated that in certain disease states, the in- 
tegrity ef the sympathetic nervous system 
is imporzant for maintaining circulatory sta- 
bility,!* and have emphasized the potential 
dangers of beta-adrenergic blockade during 
anesthesia, even in a healthy individ- 
ual.!?. 192 


Prospective clinical studies on the pre-, 
intra-, aid postoperative complications with 
propranolel for cardiac and noncardiac op- 
erations have been published recently.?!"? 
These authors have concluded that propra- 
nolol can be given safely within 24 to 48 
hours of coronary artery surgery, or within 
12 hours of noncardiac surgery. Data on the 
duratior of propranolol activity support 
these “washout intervals:" After discontinu- 
ing chrcnic administration in man, the half- 
life was repored to be 3.4 to 6 hours, while 
patients taking 30 to 240 mg/day of pro- 
pranoloi exhibited normal chronotropic and 
inotropiz response 24 to 48 hours after pro- 
pranolol was discontinued.?? 24 





In ou- study, all 4 patients received both 
alpha- and beta-adrenergic blocking drugs 
preoperatively, the propranolol being always 
discontiaued 12 hours before operation to 
avoid irtraoperative myocardial depression 
and possible cardiac collapse after removal 
of the tumer. The preoperative use of pro- 
pranolo was the decision of an attending 
internis:, while we decided to discontinue 
propranolol on the basis of the preponderant 
weight of the anesthetic literature which 
prevailed at the time these cases were begun. 


In re:rospect, despite the short duration 
of treatment with propranolol, it would have 
been preferable to have gradually weaned 
the patients off propranolol, considering the 
many reports indicating that abrupt with- 
drawal might initiate potentially serious 
arrhythmias or myocardial infarction, espe- 
cially in patients whose myocardium is al- 
ready compromised.?? However, no such un- 
toward events occurred in our cases. 


Arterial BP increased after intubation in 
every case, even though “crash” intubation 
was avcided by mask administration of en- 
flurane. in retrospect, the depth of anes- 
thesia zt this time was apparently still in- 
sufficieat, iudging from an enflurane blood 
level of 4.5 mg/100 ml recorded during in- 
tubation in case 3. Deeper levels of enflu- 
rane anesthesia before intubation may well 
have avoided BP perturbations. However, 
the postintubation BP increases were ac- 
comparied by only slight increases in serum 
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catecholamine levels (table 2), producing 
tachycardia but no arrhythmias. In no case 
was removal of the tumor accompanied by 
a sudden and severe decrease of arterial 
BP; hence, no vasopressors were required. 


We believe that succinylcholine is not 
contraindicated in patients with PCC, es- 
pecially if pretreatment with a small dose 
of nondepolarizing muscle relaxant is used, 
as in case 1. However, we chose to use pan- 
curonium to facilitate intubation in the re- 
maining 3 cases, since pancuronium, unlike 
succinylcholine, does not directly stimulate 
the sympathetic nervous system.'^5 No 
appreciable changes in catecholamine blood 
levels were observed following administra- 
tion of pancuronium, indicating that its ad- 
ministration did not produce any immediate 
effect on the sympathoadrenal system. 


CONCLUSIONS 


A review of the literature revealed that 
all principal anesthetic agents have been 
used in PCC operations, with varying de- 
grees of success. !: However, the studies 
were conducted under such widely varying 
circumstances that neither statistical com- 
parisons nor consensus are possible. While 
various agents have been recommended for 
possessing various combinations of favorable 
anesthetic properties, low incidence of ar- 
rhythmias, and hypotensive properties? 
these positive properties must be balanced 
against a variety of negative side effects: 
flammability (diethyl ether, fluroxene, cyclo- 
propane) ; sympathomimetic activity (cyclo- 
propane, trichloroethylene); myocardial 
sensitization to catecholamines (cyclopro- 
pane, halothane); nephrotoxicity (methoxy- 
flurane); and depth of anesthesia (neuro- 
leptanesthesia ) .?? 


Our choice of enflurane for PCC surgery 
was based on both empiric and pharmaco- 
kinetic considerations. Although enflurane 
has some of the physical, pharmacologic, and 
clinical properties of halothane, it also pos- 
sesses some of the clinical advantages of 
diethyl ether,?5?^? without the major disad- 
vantages of either of these agents. While 
CNS excitation may occur with deepening 
enflurane anesthesia, especially in the pres- 
ence of hypocarbia, this can be terminated, 
without sequelae, by lightening the anes- 
thesia. 


In a recent case report, Kopriva and 
Eltringham?^ observed that, under enflu- 
rane anesthesia, the appearance of hyperten- 
sion during tumor manipulation denoted 


increased levels of catecholamines, but that 
only an occasional premature atrial beat 
occurred during this period, when the pa- 
tient was subject to the endogenous cate- 
cholamine challenge. Von Hahn’s group?! 
noted that, where considerable dissection of 
the tumor (as is so often required) is in- 
volved, enflurane appeared not to signifi- 
cantly interfere with hemostasis or erythro- 
poietic and leukocytic function. 


In a study of comparative myocardial de- 
pression, Kaplan and associates?! found 
halothane to be significantly more depres- 
sant than enflurane. Johnston and Eger?? 
demonstrated that enflurane is less likely 
than halothane to produce arrhythmias in 
patients given epinephrine injections for 
hemostasis, leading to their "untested pre- 
diction" that the undesirable effects of en- 
dogenous catecholamines would not be ex- 
acerbated by enflurane in disease states, 
such as PCC, which cause high catechola- 
mine levels, while Zahed's group?! con- 
firmed previous reports that halothane sig- 
nificantly decreases the awake arrhythmic 
threshold dose for epinephrine, whereas en- 
flurane has no such effect. 


From our experience with enflurane and 
a review of the experience of other authors, 
we conclude that enflurane is not only as 
safe and effective an anesthetic as any now 
available for PCC excision but also that 
it offers such advantages as lack of flamma- 
bility, cardiovascular stability, absence of 
cardiac sensitization to catecholamines, and 
controllability for rapidly changing anes- 
thetic levels. 
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To investigate the effect of different anesthet- 
ics on the flow properties of the central circula- 
tion, curves were obtained by the multiple in- 
docyanine-green indicator-dilution technic from 
7 dogs anesthetized with halothane or pento- 
barbital. The width of the curve provided a 
measure of the dispersion of indicator particles 
during passage through the central circulation. 
The vascular resistance of the animals was 
altered by the administration of methoxamine 
and sodium nitroprusside. The authors found 
that dispersion in the central circulation is 
linearly related to the total peripheral resist- 


A common method of measuring cardiac 
output is by the indicator-dilution 
technic. A bolus of indocyanine-green dye 
is injected into the central venous system 
and its concentration as a function of time 
measured in a peripheral systemic artery. 
Calculation of cardiac output is based solely 
upon the area under the primary indicator- 
dilution curve and is not influenced by the 
shape of the curve.! The shape of 2 indi- 
cator-dilution curves from the same subject 
might be quite different and yet the area 


ance (TPR). For any value of TPR, the amount 
of dispersion of indicator particles passing 
through the central circulation was greater with 
halothane plus pentobarbital anesthesia than 
with pentobarbital only. 


The study indicates that the type of anesthesia 
influences the dispersion of indicator particles 
passing through the central circulation. A bet- 
ter understanding of this process will be helpful 
in interpreting the results of indicator-dilution 
cardiac-output determinations performed in per- 
sons under general anesthesia. 


under the curves, and hence the cardiac 
output, might be very similar. 


The 2 curves in figure 1 illustrate this 
point. The area of each is 50 mg-sec/L, 
which corresponds to a cardiac output of 
3 L/min. The mean (,) and the standard 
deviation (SD), (5), of the Ist curve are 
both less than those of the 2nd curve. The 
mean of the curve is a measure of the aver- 
age transit time through the central circu- 
lation, while the SD is a measure of the 
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Fic 1. Two indicator-dilution curves showing both 
the original curve with recirculation and the primary 
curve corrected for recirculation. The areas cf the 
2 primary curves are equal but the means be? and 
SDs (o) are different. 


dispersion or spread of the particles during 
transit. The shape of the curve is determined 
by the dispersion of the dye particles dur- 
ing transit through the central circulation. 


The SD of the primary indicator-dilution 
curve corrected for recirculation provides a 
measure of the total amount of dispersion 
between the injection and the sampling sites. 
Various methods can be used to correct the 
primary indicator-dilution curve for recir- 
culation. In addition to the traditional 
Stewart-Hamilton semilogarithmic extrapo- 
lation procedure, various mathematical mod- 
els have been fitted to the first portion of 
the indicator-dilution curve prior to recircu- 
lation. These include the lagged normal 
function,?.5 the random walk function, and 
the gamma function.» The values of the 
cardiac output and the SD are very similar 
when calculated by any of these methods 
over a wide physiologic range. 


The shape of the primary dye curve has 
been shown to provide information about 
the cardiovascular system of an intact sub- 
ject. Siegel and coworkers? used the lagged 
normal function, which is the convolution 
of a normal and an exponential function, to 
analyze indicator-dilution curves from ceriti- 
cally ill patients. They found that the ex- 
ponential parameter provided a measure of 
the adequacy of myocardial function. Other 
investigators? found that one of the shap- 
ing parameters of the gamma function pro- 
vided a useful measurement of cardiac 
reserve. 


We have previously shown!’ that the 
shape of the curve is influenced by the pe- 
ripheral resistance, in that the SD o? the 
primary indicator-dilution curve is linearly 
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related to the total peripheral resistance 
(TPR). The purpose of the present inves- 
tigation was to determine the influence of 
halothane and pentobarbital anesthesia on 
the dispersion of indicator particles in the 
central circulation of the dog. 


MATERIALS AND METHODS 


Multiple indocyanine-green indicator-di- 
lution curves were obtained from 7 anesthe- 
tized mongrel dogs ranging from 18 to 23 kg 
in weight and divided into 2 groups. In both 
groups, the unpremedicated animal was an- 
esthetized with 25 mg/kg sodium thiopental 
IV and the trachea was intubated with a 
cuffed encotracheal tube without the use of 
muscle relaxants. In group A (n = 4) an- 
esthesia was first maintained with IV sodium 
pentobarbital (20 mg/kg) at 10 minutes 
after induction and 5 mg/kg/hr thereafter 
until the first set of indicator-dilution curves 
was completed. Maintenance of anesthesia 
was then changed to halothane and adjusted 
until end-tidal concentration remained sta- 
ble at 1 percent as monitored by a Beckman 
LB-1 Infrared Analyzer. A 2nd series of 
indicator-cilution curves was recorded while 
the dog was anesthetized with halothane. 





In group B (n = 3) anesthesia was main- 
tained with halothane after intubation. The 
ist series øf indicator-dilution curves was 
recorded afier stabilization of the end-tidal 
halothane concentration at 1 percent. The 
halothane was then discontinued and 15 
minutes later the animal was given 20 mg/ 
kg sodium pentobarbital IV and 5 mg/kg/hr 
thereafter. A second set of indicator-dilution 
studies was begun 1 hour after the halo- 
thane was stopped. 


Ventilation (at Fio, = 1) was controlled 
by a volume ventilator. Central venous pres- 
sure (CVP) was measured through a cath- 
eter inserted into the right femoral vein and 
advanced until the tip was positioned in the 
right atrium. This catheter was also used 
for the injection of the dye, while another 
catheter vas inserted into the opposite fem- 
oral arterv and positioned into the ascend- 
ing aorta fer the measurement of mean sys- 
temic pressure. Arterial blood gases were 
drawn to assess the adequacy of ventilation 
and moniter acid-base balance. The esopha- 
geal temperature did not vary more than 
0.5? C during the course of any 1 experi- 
ment. 


The IV administration of sodium nitro- 
prusside (NaNPR) and methoxamine al- 
tered the peripheral vascular resistance. 
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Pressure signals were obtained from a strain- 
gauge transducer (Statham P23Db) and 
conditioned by pressure amplifiers (Elec- 
tronics for Medicine model SGM-2). These 
signals were displayed on a recorder ( Elec- 
tronics for Medicine DR-8 Simultrace?) 
and retained on magnetic tape ( Ampex SP- 
300 recorder). 


We obtained dye curves by rapidly inject- 
ing a 1-ml bolus of 2.5 mg of indocyanine- 
green dye through the CVP line into the 
central circulation. A 2nd arterial catheter 
was inserted into a femoral artery and ad- 
vanced into the thoracic aorta for sampling. 
Blood was drawn through the densitometer 
head into a heparinized 50-ml syringe at a 
constant rate of 38 ml/min via a Harvard 
pump, then reinfused into the dog after each 
curve. The output from the densitometer 
was recorded on the servo-channel of a 
o-channel Gilson polygraph (Gilson ICS3) 
and also on magnetic tape. Later, data were 
analyzed by the analog signals recorded on 
magnetic tape. 


Each dye curve was digitized at the rate 
of 256 points/50 sec and analyzed on a 
Hewlett-Packard 5451A Fourier Analyzer, 
using the traditional Stewart-Hamilton semi- 
logarithmic extrapolation technic.! SD was 
calculated for each curve after correction 
for recirculation. Cardiac output was cal- 
culated from the area under the primary in- 
dicator-dilution curve. Determination of 
TPR was by the ratio of the mean systemic 
pressure gradient and the cardiac output. 


RESULTS 


Linear regression of the SD of the dye 
curve against TPR is given in figure 2.1-2.4 
for each dog in group A and in figure 3.1-3.3 
for each dog in group B. The regression 
equation, correlation coefficient, and p value 
are given for both the pentobarbital and the 
halothane data from each animal. When the 
data from all dogs in each group are pooled, 
there is a definite linear trend (figs 4 and 5). 


Since TPR is the ratio of mean systemic 
pressure difference to cardiac output, the 
SD was also regressed against both pressure 
and cardiac output. SD was positively cor- 
related with mean systemic pressure differ- 
ence and negatively correlated with cardiac 
output. However, the correlation coefficients 
were less than the corresponding values for 
TPR, with increased scatter of data points 
around regression lines. Thus, changes in 
SD correlate best with changes in TPR. 
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Fic 2.1-2.4. Linear regression of the SD of trans- 
pulmonary indicator-dilution curves on the periph- 
eral resistance of the 4 dogs in group A under 2 
different types of anesthesia. 


The slopes of the pentobarbital and the 
halothane regression lines are significantly 
different in group-A experiments at p« 0.01 
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Fie 3.1-3.3. Linear regression of the SD of trans- 
pulmonary indicator-dilution curves on the periph- 
eral resistance of the 3 dogs in group B under 2 
different types of anesthesia. 
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Fig 4. Linear-regression of the SD of transpul- 
monary indicator-dilution curves on the peripheral 
resistance of the 4 dogs in proup A under 2 types 
of anesthesia. The data from the 4 dogs have been 
pooled. 
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Fic 5. Linear regression of the SD of transpul- 
monary iadicator-dilution curves on the peripheral 
resistan e of me 3 E in gr oup B under 2 fUREcent 


beln pooled. 


but not in group-B experiments at the 0.05 
probability level.'' Likewise, the 2 regres- 
sion lines are significantly different ( p 0.01) 
for the pooled group-A data in figure 4 but 
not for :he pooled group-B data in figure 5 
at the 0.05 orobability level. 


DISCUSSION 


Our data indicate that dispersion in the 
central eircalation is linearly related to pe- 
ripheral res stance in dogs anesthetized with 
either halothane or pentobarbital. This re- 
lationship is the same when the animal is 
anesthetized with either halothane or pen- 
tobarbital adone. However, the relationship 
is not the s: me when the same level of halo- 
thane anesthesia is added to an animal al- 
ready anesthetized with pentobarbital. This 
difference may simply be due to differences 
in level of anesthesia, since the depth of 
anesthesia will obviously be greater with 
both halothane and pentobarbital than with 
either agen: alone. 


'The increased slope of the regression line 
in the case of halothane added to pentobar- 
bital in group-A dogs indicates that a given 
change in PR produces a greater change 
in dye dispersion through the central cir- 
culation wich halothane plus pentobarbital 
than with only pentobarbital. In contrast, 
regression-l ne slopes were changed in group 
B. This indicates that the dispersion of 
indicator perticles in the central circulation 
is the same whether the animal is anesthe- 
tized with £5 mg/kg pentobarbital or 1 per- 
cent end-tical halothane. 


The dye curves were not corrected for 
recirculation. The injection and sampling 
sites as wel as the rate of injection and 
sampling remained unchanged during the 
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course of each experiment. Therefore the 
dispersion of indicator particles produced 
by the injection and sampling systems dur- 
ing each determination should have re- 
mained constant. Since the contribution to 
the dispersion of indicator is constant, the 
basic relationship of the SD of the dye 
curves obtained with different types of an- 
esthesia will not be affected by the injection 
and sampling systems. 


The anesthetic technic influences the re- 
lationship between the SD of the primary 
indicator-dilution curve and the TPR. Two 
possible mechanisms account for this rela- 
tionship: (1) Changes in peripheral resist- 
ance influence the dispersive characteristics 
of the central circulation; or (2) Pharma- 
cologic agents that change the peripheral 
vasculature also influence pulmonary circu- 
lation. Anesthetic agents could change the 
basic relationship by altering either or both 
of these. Further investigation will be nec- 
essary to determine the correct mechanism. 


Indicator-dilution curves provide informa- 
tion about the cardiovascular system as well 
as about cardiac output. Our study indi- 
cates that the relationship between periph- 
eral resistance and the shape of the dye 
curve is influenced by anesthetic technic. If 
this relationship holds for man, it would 
allow an alternative method of calculating 
cardiac output from a dye curve that does 
not require a direct calibration of the den- 
sitometer. The TPR could be directly cal- 
culated from the shape of the dye curve, 
and the cardiac output then calculated from 
the TPR and systemic pressure. 


Another possible clinical application sug- 
gested by this study involves use of the 
shape of the dye curve to determine the 
adequacy of myocardial function. Other in- 
vestigators have shown that the shape of 
the dye curve provides useful measurements 
of cardiac reserve.®-® Since our study showed 
that the shape of the curve varies with the 
type of anesthesia in the dog, these relation- 
ships may vary with the type of anesthesia. 
Further investigation will be necessary to 
determine the applicability of these meas- 
urements in man. 
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Guest Discussion 


JAMES B. BASSINGTHWAIGHTE, 
MD, PhD 
Center for Bioengineering 
University of Washington 
Seattle, Washington 


Relative Dispersion: A Characterizing 
Feature of Specific Vascular Beds 


A framework for interpretation of the 
spread of indicator-dilution curves may be 
based on consideration of the physical pro- 
cesses involved.! Listing these in order from 
the microregion to the macroregion we have: 
(1) molecular diffusion (radial and axial in 
the vessel, and permeation of membranes 
by smaller or lipid-soluble molecules); (2) 
the intravascular velocity profile (the cen- 
tral stream having higher velocities than 
those at the wall); (3) disturbances of flow 
in large vessels (local eddies or turbulence, 
effects of orifices, pulsatile flow, branching) ; 
and (4) heterogeneities of path lengths or 
transit times via parallel routes (through 
capillary network of an organ, or through 
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SPREAD OF TRANSFER FUNCTION 
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Fic 1. Measures of dispersion of an indicator- 
dilution curve. 7,', the square root of the variance, 
shows the SD. and is given the symbol e in this 
presentation. The width at 506% of peak height is 
ts..s and at 36% of peak heights is ¢,,.,,.. The mean 
transit time is £ (Figure previously published in 
d Appl Physiol 22:879-888, 1967; reproduced with 
permission.) 


the various organs). In addition to these 
biophysical events, there is also the spread 
due to a forceful injection or to prolonga- 
tion of the injection. 

The variations of measure of spread of an 
indicator-dilution curve are suggestec by 
figure I. One of the simplest is the width 
at 15 the peak height, tzo.30. This measure 
is quite similar to the standard deviation 


DISPERSION OF A BOLUS CF 
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SD. (Crdinarily, unless recirculation is 
much dalayed, calculation of the SD re- 
quires the fitting of a model to the dilution 
curve; tne most commonly used model is 
monoexponential extrapolation of the down- 
slope.) 3ut the most useful is the relative 
dispersion, which is the SD (e sec) divided 
by the mean transit time t both in seconds: 
Relatwe dispersion = E. 

This is ¿he same as the coefficient of varia- 
tion, a standard statistical measure of 
spread. Ín the present context, it has a great 
advantage over the absolute SD, since its 
use allews one to distinguish between 
changes in dispersion due to the simple 
changes in flow or volume or mean transit 
time and changes due to an abnormality or 
to a chznge in the relative influence of the 
various dispersive physical processes. 


To continue the development of the con- 
ceptual approach, next consider the degree 
of dispersion (D) as a function of the dis- 
tance between the site of an ideal injection 
and a sequence of positions, x, along the 
flow stream. In figure 2 are shown curves 
of concentration versus distance, C(x), a 
succession of snapshots at differing times. 
The spreading process was assumed to be 
a random one, so that the curves in the left 
panel are symmetrical, Gaussian curves. Be- 
cause the spreading progresses as the indi- 
cator travels downstream, an observer at a 
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Fig 2. A random process causes spreading that is symmetrical with respect to distance around the 
centroid (left panel). But concentration-time curves obtained >y sampling at a given point are always 


right-skewed (right panel). 
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SPATIAL DISTRIBUTION AT A BOLUS 
IN WATER FLOWING THROUGH A CYLINDER 
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MEAN DISTANCE TRAVELED feme? 


Fic 3. The dispersion (SD with respect to posi- 
tion x) in a large tube at 3 different flows can be 
seen to be wholly dependent on the mean distance 
iravelled and not on flow. (The Reynold's number 
Re = vrg/ y where v = velocity, r = radius. p~ 


density and ,, = viscosity.) 


stationary location, x, or x, would see a 
right-skewed concentration-time curve, as 
shown in the right panel of figure 2. 


* 
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The rate of spreading with distance is 
characteristic of the underlying physical 
phenomena. In turbulent flow or with 
spreading solely by molecular diffusion, the 
SD of C(x) would be proportional to x'5, 
the square root of the mean distance trav- 
elled, or to the square root of time." With 
streamline flow or even partially disturbed 
flow, the spread is proportional to time or 
to the mean distance travelled. The results 
of direct observation of spread of dye in 
disturbed flow in a tube are seen in figure 
3; the linearity of the relationship shows 
that streamline flow characterizes the mass 
transport over a wide range of flow veloci- 
ties (at the 3 different Reynold’s numbers, 
Re). This appears also to be true of aortic 
flow? and denies any serious consideration 
of turbulence. 


'The next question is whether a pharmaco- 
logic intervention or a pathophysiologic 
state induces a change in the characteristic 
dispersion of a particular vascular bed: Is 
the relative dispersion changed? 


The need for using relative rather than 
absolute dispersion can be seen from figure 4. 
Changing flow through a system dominated 
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Fic 4. In a laminar-flow situation such as exists 
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between points A and B in the upper panel. doubling 


the flow causes halving of each transit time, so that the absolute dispersion is halved. The basic shape. 


and the relative dispersion, are unchanged by changing flow. 


(Figure reproduced from Cire Res 19:332- 


346, 1966; by permissicn of The American Heart Association, Incorporated.) 
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by streaming flow results in a proportional 
change in SD (or any other measure of 
spread). The basic shapes of the 2 indi- 
cator-dilution curves at the 2 flows are iden- 
tical: the relative dispersion, and the other 
commonly used statistical measures of shape, 
such as skewness and kurtosis, are constant. 


The SD (5) itself changes in proportion 
to mean transit time, t; changes in either, 
flow (F ml/sec) or volume (V ml), there- 
fore, result in changes in t: 


i= VIF 


which means that « is governed by V ard F 
in the same way: 
V 


Gr Kp 


where K, is the dimensionless constant char- 
acteristic of the particular bed. Given this 
situation, admittedly a simplified one, then 
the parameter of fundamental interest is 
K,, since it is independent of V and F: 


K,V/F 
Relative dispersion = 4^ VIF Kp 


qom 


These arguments demonstrate that, for a 
system with constant volume, the SD, v, 
is inversely proportional to flow. Thus to 
relate this to the observations of Davis et 
al, when pressure is regulated so that it 
doesn't change greatly and peripheral re- 
sistance is calculated as pressure/flow, then 
the SD can be expected to be directly pro- 
portional to peripheral resistance and to the 
reciprocal of cardiac output. One might ex- 


EFFECT OF MEAN TRANS-PULMONAPY 
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pect the correlation to be better with the 
1/F than with resistance if V were truly 
constant. but either resistance of 1/F should 
give closer correlation than would be ob- 
tained directly with F, which is in accord 
with their observations. 


The pulmonary vascular bed in dogs is 
charactecized by a K,, of approximately 0.46, 
as suggestec by figure 5.! The slope of the 
graph of the SD versus t is Kp. The ques- 
tion raised by the data and presentation of 
Davis’ group at this symposium is whether 
merely tnose accompanying changes in flow 
or volume cr are indicative of a change in 
the pulmonary bed. The linear relationships 
they observed between SD and total sys- 
temic arterial resistance are clearly pro- 
vocative however, they are not, in this form, 
diagnost.c of any changes in the central cir- 
culation, and may only indicate the status 
of the cardiac output and peripheral vaso- 
dilation. Further analysis might clarify this 
point. 


It is worth noting that each circulatory 
region normally has a different characteris- 
tic relatwe dispersion, as is shown in figure 
6. In mederate-sized arteries of the human 
arterial system lying between the femoral 
and dorsalis pedis arteries (shown by the 
plus signs): Kp = 0.18 + 0.04, n = 57 
(mean + SD, n = number of observations) .? 
In the deg aorta (the open circles) K, aver- 
aged 0.31 + 0.13, n = 162. Across capil- 
lary beds, Kp is naturally larger. The coro- 
nary system of dogs, from coronary artery 


TRANSIT TIME 


ON PULMONARY DISPERSION 


REF - O = Dog A 
? ex " B x 
o x: " C p^ 
2 Mex —* 
xd 
e Y. 
i oF X 9 
* x Dc > 
` 3 x La m 
XO 
ect 
o Yo. ofo 
> * . oe 
o $ eu. " 
T gar ° 
o& 
à 
m g PRENE EEEE EEIE, ee ee a i BEE. 
Q Q 3 6 9 12 
MEAN TRANSIT TIME seconds}? 


Fic 5. Transpulmonary dispersion is very nearly proportional to mean transit time in anesthetized 
dogs; the ordinate is the SD. Relative dispersion (K,) is the catic of ordinate to abscissa, or the slope, 
and is nearly constant. (Figure previously published in J Appl Physiol 27 :36-43, 1969; with permission.) 
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INTERORGAN COMPARISON OF INTRAVASCULAR TRANSPORT 
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Fig 6. Dispersive characteristics of different vascular beds. The SD of the distribution of transit times 
plotted against the mean shows a roughly linear relationship in each bed. The leg arterial data are from 
awake humans, the other data from anesthetized dogs. (Figure appearing in Ann Biomed Eng 4:44-59, 


1976; with permission.) 


inflow to the coronary sinus (the closed cir- 
cles) showed a Kj, of 0.38 + 0.05, n = 60.6 
The pulmonary vascular bed in anesthetized 
closed-chest dogs (the open triangles) shows 
a still larger Kp, 0.46 + 0.06, n = 144 (data 
from fig 5). For the lung, Maseri's group’ 
obtained K,, = 0.48 + 0.08, n = 16. (All 
these data are from experiments where indi- 
cator-dilution curves were recorded from 
both inflow and outflow, so that there is no 
artifactual influence on the relative disper- 
sion by the form or force of the injection.) 
From data on the renal vascular bed, Gomez 
and coworkers? give a value (half width 
divided by mean) of 0.66 + 0.06, n = 10, 
which is approximately the same as the 
tsy.s9 / t of 0.7 found by Bassingthwaighte 
and Ackerman? in the dog aorta; Gomez' 
measure of dispersion includes that due to 
the injection. Other beds have not been 
studied, so far as I know. 


As for the central circulation, one can 
expect some secondary influences on Ky. 
Permutt and colleagues? found that raising 
pulmonary-vein pressure decreases the rela- 
tive dispersion, which accords with our data 


in figure 5—the K,,’s were somewhat less 
when mean transit times were short, which 
occurred with high flow and minor elevation 
of pressure. It also seems likely that the 
dispersive characteristics of the chambers 
of the heart might change, even dramati- 
cally, with changes in ventricular volumes 
accompanying changes in contractility or in 
peripheral vascular resistance. 


Is the approach useful? Very likely, yes. 
It appears that the dispersion of intravascu- 
lar tracer in passing through a vascular bed 
is characteristic of the normal status of par- 
ticular segments of the circulation. A search 
for changes in dispersion, or probably better 
yet, relative dispersion, with changes in 
pathophysiologic status, is therefore very 
much in order. While this approach has not 
yet been proved of diagnostic or therapeutic 
value, the technic should certainly be ex- 
plored. Moreover, it should not be regarded 
as necessarily invasive, for the general ap- 
proach can be applied to externally detected 
tracer-dilution curves or to videoangiograph- 
ically determined contrast-dilution curves. 
Given the continuing development of these 
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relatively noninvasive approaches, the eval- 
uation of indicator dispersion as a diagnostic 
test appears very worthwhile. 


REFERENCES 


1. Bassingthwaighte JB, Warner HR: Indicator 
dispersion in the circulation. Am Heart J 69:838. 
841, 1965 


2. Taylor GI: The dispersion of matter in turbu- 
lent flow through a pipe. Proc R Soc Lond A 223: 
446-468, 1954 


3. eBassingthwaighte JB, Ackerman FH: Mathe- 
matical linearity of circulatory transport. J Appl 
Physiol 22:879-888, 1967 


4. Knopp TJ, Bassingthwaighte JB: Effect of 
flow on transpulmonary circulatory transport func- 
tiens. J Appl Physiol 27:36-43, 1969 


77 


5. Bassing hwaighte JB: Plasma indicator dis- 
persion in arteries of the human leg. Circ Res 19: 
332-346, 1966 


6. Knopp TJ, Dobbs WA, Greenleaf JF, et al: 
Transcorenarz intravascular transport functions ob- 
tained via a stable deconvolution technique. Ann 
Biomed “ng 4:44-59, 1976 


7. Maser: A, Caldini P, Permutt S, et al: Fre- 
quency funct.on of transit times through dog pul- 
monary circudation. Cire Res 26:527-543, 1970 


8. Gomez DM, Demeester M, Steinmetz PR, et 
al: Functional blood volume and distribution of 
specific blooc flow in the kidney of man. J Appl 
Physiol 20:7C3-708, 1965 


9. Permut: S, Caldini P, Maseri A, et al: Re- 
cruitment versus distensibility in the pulmonary 
vascular dec, The Pulmonary Circulation and Inter- 
stitial Space. Edited by AP Fishman, HH Hecht. 
Chicago, The University of Chicago, 1969, pp 375- 


A. 





SHOULDER PAIN. The efficacy of acupuncture therapz vs placebo was evaluated in 
42 patients with shoulder pain due to periarticular disease or osteoarthritis. All received 
l treatment for 3 weeks. Half the pztient received treatments performed in a positive 
atmosphere (enthusiastic therapist) and the other patents were treated by a not- 
very-friendly and unenthusiastie therapist. 
beneficial effects may be obtained with needle insertion other than that corresponding 
to the traditional points. One week after the last treatment subjects returned for 
reevaluation. The placebo therapy was convincing as only 2 patients thought they 
had received imitation treatment. Sixty-nine percent fdt the shoulder pain was de- 
creased but there was no difference between acupunesure and placebo treatments. 
Despite subjective improvement the range of shoulder motion was not changed from 
pretreatment values. Greatest subjective relief occurred in patients previously demon- 
strated to manifest increased hypnotic susceptibility. Tae authors are skeptical that 
acupuncture has a role in modern medicine. (Moore MF, Berk SN: Acupuncture for 
chronic shoulder pain. An experimental study with attention to the role of placebo 
and hypnotie susceptibility. Ann Int Medic 84:381-384, /976) 
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Correlation of Plasma Cholinesterase Activity and Duration 


of Action of Succinylcholine During 





Pregnancy 


CASEY D. BLITT, MD* 
W. CLAYTON PETTY, MD} 
EVA E. ALBERTERNST, CRNA: 
BARBARA J. WRIGHTS . 


Correlation between plasma cholinesterase ac- 
tivity and duration of neuromuscular blockade 
following succinylcholine (SCh) was studied in 
30 healthy women undergoing laparoscopic tubal 
coagulation and 20 pregnant women undergoing 
elective repeat cesarean section. All patients 
received N.O-thiopental anesthesia. Cholines- 
terase activity in nonpregnant patients was sig- 
nificantly greater than in pregnant patients. 
Time to 90 percent recovery of control twitch 
height following 40 or 80 mg/m’ BSA of SCh 


D cholinesterase activity is influ- 
enced by a number of drugs and disease 
states.! Since plasma cholinesterase is re- 
sponsible for hydrolysis of succinylcholine 
(SCh), a low degree of enzymatic activity 
may result in an undesirably long duration 
of paralysis following SCh administration. 
Shnider,! Robertson, and Hazel and 
Monier? all showed that plasma cholinester- 
ase activity declines during pregnancy and 
in the immediate postpartum period. 


This known decrease in plasma cholines- 
terase activity could lead to the conclusion 
that duration of paralysis from SCh will be 
prolonged in pregnant patients. Some inves- 
tigators!7.*^ have stated that changes in 
plasma cholinesterase activity and prolonged 
apnea following SCh given during cesarean 


*Assistant Professor, Department of Anesthesiology, 


zona 85724. 


was not significantly different in pregnant ver- 
sus nonpregnant patients. There also was no 
correlation between plasma cholinesterase ac- 
tivity and duration of paralysis from SCh. The 
authors conclude that pregnant patients have 
lower cholinesterase activity, but prolonged neu- 
romuscular blockade from SCh should not occur 
unless the patient is grossly overdosed with 
SCh. Routine use of a peripheral nerve stimu- 
lator is recommended to avoid such overdosage. 


section were causally related, when what 
may have occurred was a relative overdos- 
age of SCh. Other medications or causes 
may have been responsible for the prolonged 
apnea in these reports. 'The purpose of this 
study is to correlate plasma cholinesterase 
activity and duration of paralysis from SCh 
during pregnancy. 


METHODS 

Fifty adult women were studied, written 
consent being obtained from each. Thirty 
healthy women of childbearing age, under- 
going laparoscopic tubal coagulation, served 
as the control group, and 20 parturients un- 
dergoing elective repeat cesarean section 
comprised the study group. The patients 
were divided into 4 groups, as shown in 
table 1. 
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TABLE 1 
Fatient Data 


TTTITTUTTIUHUISAHHHRSH/PIHLMUUMAUINUIUHITITTTTITINIIATHMIULHANTI ULT MHABIITUHAHBURA LH EUNT TEES PHI PAAR PPIPA lH THUMB REESE HET. 


Group N (mean 4. SE) (meon - SE) ims/m* BSA) 

I. Nonpregnant women 15 28.3 + 1.29 165 +0.04 — 40 —_ 
II. Cesarean sections 10 22.8 + 1.30 1.77 + 0.06 40 
IH. Nonpregnant women 15 20.1 + 1.63 1.64 + 0.05 80 
IV. Cesarean sections 10 250 t 2 T1 1.85 + 0.09 80 


ATER ANNALARA AAI ai 4B HUP gH e A e Hg HP AO E O E AU Et. 


Without premedication, anesthesia was 
induced with sodium thiopental (3 mg/kg) 
and maintained with 70 percent N.O and 
O.. Needle electrodes (25 gauge) were 
placed at the wrist, and the ulnar nerve was 
stimulated with a Grass S88 nerve stimula- 
tor to deliver a supramaximal unipolar 
square wave of 0.1 msec duration at 0.25 
Hz. Force-of-thumb adduction was meas- 
ured with a force-displacement transducer 
of the “boomerang” type," recorded a 
Brush recorder. Following satisfactory sta- 
bilization of twitch height, 40 or 80 mg/m” 
BSA of SCh was administered, the trachea 
was intubated, and time to 10, 20, 50, 70, 
and 90 percent recovery of control twitch 
height was measured. 


Prior to induction of anesthesia, a blood 
sample was drawn and analyzed for plasma 
cholinesterase activity and dibucaine num- 
ber, using the method of Zapf and Coghlan.? 
Patients undergoing cesarean section had 
additional blood samples analyzed for plas- 
ma cholinesterase activity on the 2nd and 
4th postpartum days. 


Fifteen patients undergoing laparoscopic 


tubal ccagulation were compared with 10 
patients undergoing cesarean section at each 
dose of 3Ch. Data were analyzed by t-test 
for paired data, analysis of variance, and 
analvsis of linear regression. 


RESULTS 


Cholinesterase activity in the 30 nonpreg- 
nant patients was 1.03 units + 0.04 (SE) 
and in the 20 parturients was 0.82 units + 
0.05 (table 2), a statistically significant 
(p« 0.01) difference. The cholinesterase ac- 
tivity in all cesarean patients was statisti- 
cally lower on the 2nd and 4th postpartum 
days than at the time of section. All dibu- 
caine numbers were within the normal range 
(74 to 89%. Time to 90 percent recovery 
of contrcl twitch height following 40 mg/m? 
BSA of SCh was 9.53 + 0.6 minutes in non- 
pregnant patients and 8.7 + 0.83 minutes in 
parturients (table 3). Recovery of 90 per- 
cent twitch height following 80 mg/m? BSA 
required 15.25 + 0,92 minutes in nonpreg- 
nant patients and 12.9 + 1.55 minutes in 
parturierts. No significant differences were 
found between groups in any of the recov- 
ery times, ‘There was no correlation (r« 0.5) 


TABLE 2 
Plasma Cholinesterase Activity 








Cholinesterase activity, units 


Ima AMPA NN d eee AA RAN eh te I A mmi mea py INU YP i tI TPO HE AY RUNE PERIERE RANMA LAU ai iy 


Group N 2 3 

I. Nonpregnant women 15 1.02* — 0.05 — — 

II. Cesarean sections 10 0.83 + 0.06 C.69* + 0.07 0.73* + 0.08 
III. Nonpregnant women 15 1.04* + 0.06 — — 
IV. Cesarean sections 10 0.81 + 0.09 6.60* + 0.09 0.61 + 0.07 
V. All controls 30 1.03* - 0.04 — — 
VI. All C-sections 20 0.82 + 0.05 0.65" x 0.05 0.67* + 0.05 
*p«0.01. 


All determinations + standard error. 


Plasma cholinesterase activity: 1 — time of cesarean section; 2 — 2nd postpartum day; 3 = 4th post- 


partum day. Normal range: (+ 2 SD) 0.6 te 1.49 


of I-naphthol/min/ml of serum. 


units. One uni: corresponds to liberation of 1 „M 
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TABLE 3 
Tine m Minuter o Joe oven o Conk Gu PO Nen Le 
Group N SCh, mg 10 50 90 
I. Nonpregnant women 15 66.05 + 1.40 6.76 + 0.41 8.21 + 0.51 9.53 + 0.60 i 
II. Cesarean sections 10 70.67 + 2.35 6.30 + 0.79 7.52 + 0.83 8.70 + 0.83 
HI, Nonpregnant women 15 133.92 + 3.60 10.18 + 0.72 11.87 + 0.83 13.25 + 0.92 
IV. Cesarean sections 10 147.68 + 7.07 9.92 > 1.53 11.46 + 1.53 12.90 + 1.55 





All determinations = standard error. 


between plasma cholinesterase activity and 
duration of SCh paralysis. 


DISCUSSION 


Our data confirm the work of previous 
investigators! that plasma cholinesterase 
activity is decreased during pregnancy, es- 
pecially at term. Recently, Miller and col- 
leagues? surveyed a large number of preg- 
nant and nonpregnant women and found 
that 50 percent of patients undergoing ce- 
sarean section had less than normal levels 
of plasma cholinesterase activity. We found 
a significant difference between pregnant 
and nonpregnant patients with regard to 
cholinesterase activity but only 18 percent 
of pregnant patients were below our normal 
values. Of our nonpregnant patients, 3.3 per- 
cent also fell below our normal values for 
cholinesterase activity. The percentage of 
patients outside the normal range of cho- 
linesterase activity increased to 45 percent 
and 60 percent on the 2nd and 4th post- 
partum days, respectively. 


The times to 10, 50, and 90 percent re- 
covery of control twitch height in nonpreg- 
nant patients given 40 mg/m? BSA of 
SCh corroborate the findings of Walts and 
Dillon,?.!? who found similar times to recov- 
ery of twitch height in 20 patients. The lack 
of correlation between plasma cholinesterase 
activity and duration of paralysis from SCh 
has not been previously reported. 


Hemodilution, impairment of hepatic 
function, albumin loss, malnutrition, and the 
effect of estrogen have all been implicated 
in the decreased plasma cholinesterase ac- 
tivity seen in pregnancy, but none have been 
shown as actually responsible for decreased 
enzyme activity. Some investigators? have 
suggested that the fall may be “physiologic.” 


Prolonged apnea following SCh can be 
related to SCh overdosage, an abnormal 
genetic type of plasma cholinesterase, ex- 
tremely low cholinesterase activity, or other 
drugs or factors. It is probably necessary 


for the plasma cholinesterase activity to de- 
cline to a certain critical level before in- 
creased duration of paralysis from SCh be- 
comes manifest, at least following a single 
dose of SCh. With multiple doses of SCh 
or continuous SCh infusion, it may be easier 
to overwhelm the enzyme system of a pa- 
tient with slightly diminished activity so 
as to produce prolonged paralysis. 'This can 
be done even in a patient with normal plas- 
ma cholinesterase activity. 


Our study has shown that single-dose SCh 
used primarily for endotracheal intubation 
should not ordinarily be associated with 
prolonged paralysis in parturients. The wide 
individual variation in response to muscle 
relaxants would lead us to recommend the 
use of a nerve stimulator to prevent inadver- 
tent overdosage. Because pregnant patients 
have a lower level of plasma cholinesterase 
activity, they probably have an increased 
susceptibility to larger doses of SCh. 


If a continuous infusion of SCh is to be 
given following endotracheal intubation in 
patients undergoing cesarean section, we 
unequivocally recommend the use of a pe- 
ripheral nerve stimulator to avoid overdos- 
age and prolonged paralysis. Additional SCh 
should not be administered unless there is 
evidence of recovery of neuromuscular trans- 
mission. 


We found, as did Shnider,' that the plas- 
ma cholinesterase activity on the 2nd and 
4th postpartum days was even lower than 
at the time of cesarean section. This would 
indicate that all patients in the immediate 
postpartum period undergoing tubal liga- 
tion also have the potential of developing 
prolonged paralysis from SCh if the dosage 
is too great. Thus these patients should also 
be monitored with a peripheral nerve stim- 
ulator, to avoid prolonged SCh paralysis 
or apnea. 


A rapid, inexpensive, easily available test 
is needed for mass screening of cholinester- 
ase activity. 


«t 
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Guest Discussion 


OSCAR J. VIEGAS, MD 
Department of Anesthesiology 
Indiana University School of Medic:ne 
Indianapolis, Indiana 


Dr. Blitt and colleagues are to be con- 
gratulated for a well-done study on a rather 
controversial subject relating to the impor- 
tance of quantitatively diminished levels of 
plasma cholinesterase activity in the causa- 
tion of prolonged paralysis after SCh ad- 
ministration. Numerous reports!? have at- 
tempted to establish a causal relationship 
between low enzyme activity and prolonged 
apnea after this drug. The endpoints used 
in determining the duration of paralysis 
have been return of muscle twitch* or dura- 
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tion of apnea. The former is a much supe- 
rior method, being reliable, reproducible, 
and not fluenced by extraneous factors. 
Indeed, W:1ts and Dillon? found no consis- 
tent relationship between the return of res- 
piration and the return of muscle twitch. 


It is now well established that cholines- 
terase activity declines during pregnancy, 
and the results obtained by Dr. Blitt cor- 
roborate those of Pritchard,” Friedman and 
Lapan," Shnider; Robertson, and Hazel 
and Monier.” The fall in enzyme activity 
occurs early in pregnancy, reaches its low- 
est level on the 3rd postpartum day, and 
may not return to normal levels until 6 
weeks postpartum. Various explanations 
such as hemodilution,® malnutrition, and 
altered hepatic function have been postu- 
lated... !! 


Plasma cholinesterase is a mucoprotein 
produced »» the liver. Its synthesis is close- 
ly related to that of albumin and serves as 
a sensitive index of hepatic function.!? The 
diminished cholinesterase activity associ- 
ated with a selective diminution of serum 
albumin? would appear to indicate that 
hepatic dysfunction occurs during pregnan- 
cy. This is further substantiated by the ab- 
normal BS? results!" obtained in 80 percent 
of otherwis» healthy pregnant patients stud- 
ied durinz labor. However, the BSP test 
returns to normal by the 4th postpartum 
day, co:nciling with the time of lowest cho- 
linesterase activity. This discrepancy could 
be due to tae slow rate of enzyme regenera- 
tion, often requiring 24 days!? before nor- 
mal levels are reached. 


The result of this decrease in enzyme 
activity could be to prolong the duration of 
SCh action. However, the reserve of en- 
zyme func-ion is such that prolonged re- 
sponses to SCh become obvious only when 
enzyme activity is reduced over 50 percent 
— much more than the reduction observed 
by Dr. Blitt. Even when enzyme activity is 
greatly recuced; the prolongation of SCh 
paralysis is less than the degree of reduction 
in enzyme activity. For example, Foldes!' 
demonstrated that a fourfold reduction in 
cholinesterase activity caused only a three- 
fold prolorgation of SCh-produced apnea. 


What, then, determines the duration of 
paralysis oc apnea? The answer may be in 
the distribution, biotransformation, low re- 
ceptor affiaity, and urinary excretion of 
SCh, whica has poor lipid solubility, is 
highly ionized, and thus has a small volume 
of distribution in the body. As a result, 
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redistribution!? occurs rapidly, with early 
peak concentrations (3 to 5 minutes) occur- 
ring in skeletal muscle. Redistribution and 
biotransformation cause the plasma SCh 
level to decline rapidly, allowing for re- 
entry of the drug from the extravascular 
space and the neuromuscular junction. 


In the presence of qualitatively normal 
enzyme, biotransformation normally occurs 
by rapid enzymatic hydrolysis,!9?.!* with al- 
kaline hydrolysis playing a minor role. At 
low SCh concentrations, the rate of enzy- 
matic hydrolysis appears to follow the 
first,!-19 rather than the zero,2° order of 
kinetics. This implies there is an increase 
in the hydrolysis rate, with an increase in 
substrate concentration. In-vitro studies in- 
dicate that the maximum rate of hydrolysis 
occurs at an SCh concentration of 4 to 5 
mM, and above 6 mM some inhibition of 
enzyme activity is noted. These concentra- 
tions are far in excess of those obtained in 
VIVO. 


For example, when 45 mg of SCh is ad- 
ministered to an adult man, a final plasma 
concentration of 0.008 mM is obtained fol- 
lowing distribution of the drug into the ex- 
tracellular fluid and in the absence of hy- 
drolysis or excretion.?! In clinical situa- 
tions, therefore, there would appear to be a 
large enzyme reserve. Urinary excretion in 
the early phase is unimportant, with an ex- 
cretion of less than 2 to 10 percent of the 
unchanged drug.???? However, at 2 hours, 
about 60 percent is recovered in the urine, 
mainly as succinylmonocholine.?? 


In addition to the factors already dis- 
cussed, there appears to be yet another 
method by which recovery from SCh paral- 
ysis occurs. Argent and coworkers?! demon- 
strated that recovery from SCh was un- 
altered despite stoppage of blood flow at 
the peak of muscle paralysis. In a similar 
study, however, Eger!» found the rate of 
recovery to be slowed 50 percent following 
occlusion of blood flow. Recovery from SCh, 
then, is probably a function of clearance of 
the drug from the active site by diffusion to 
the adjacent tissue, or local destruction in 
the capillary wall and muscle blood flow. 
This results in freeing of the acetylcholine 
receptors and reestablishment of neuromus- 
cular transmission. 


Finally, duration of paralysis has been 
shown by Walts and Dillon‘ to be a dose- 
dependent phenomenon. Although no pro- 
longation of response occurred in the pres- 
ent study following single SCh doses of 40 


and 80 mg/mr, it is conceivable that larger 
doses would magnify the reduced cholin- 
esterase activity, resulting in prolonged 
paralysis. I agree with Dr. Blitt that the 
only safe way to avoid an overdose of SCh 
is to monitor the patient's response, using 
a peripheral nerve stimulator, especially 
when the drug is given in multiple doses or 
by continuous infusion. 
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PROPHYLACTIC DIGITALIZATION. One hundred and twenty patients undergoing 
aortocoronary bypass operations and without the usual medical indications for digitalis 
were randomly placed in control or treatment groups. The treatment group received 
oral digoxin 1-1.5 mg 2 to 3 days preoperatively and then maintenance with 0.5 mg. 
Digoxin was withheld on the day of surgery and resumed the first postoperative day. 
Postoperative dysrhythmias occurred in 56 percent of patients and the difference 
between groups was not significant. However postope-ative supraventricular dysrhyth- 
mias occurred in 26 percent of contrel patients and n only 5.5 percent of treatment 
patients (P<0.05). Digitalis intoxication did not occur. Premature ventricular con- 
tractions were more common in control patients but the difference as compared with 
treatment patients was not significant. (Johnson LW, Diekstein RA, Fruchan CT et al: 
Prophylactic digitalization for coronary artery bypass surgery. Cir 53:819-822, 1976) 
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Is the Bain Breathing Circuit the Future Anesthesia System? 
An evaluation 


YOUNG K. CHU, MD* 
KANG H. RAH, MDH 


C. PAUL BOYAN, MD: 


Richmond, Virginia§ 


The Bain breathing circuit, a modified Maple- 
son D system, was evaluated with regard to 
oxygenation and CO. elimination under con- 
trolled conditions and compared with the pres- 
ently popular semiclosed breathing circuit 
(SCBC) with CO» absorber. 

The authors demonstrated that the Bain system 
compares favorably with the SCBC in regard 


T Bain circuit, a modified and ‘“‘stream- 
lined" Mapleson D system (figure), was 
introduced in 1972.! 'This single-tube circuit 
carries the fresh gas inflow line inside a 
wider corrugated tube (22 mm ID, 1.8 mm 
length, + 500 ml vol) which conveys the 
exhaled gases. The exhaust valve and 
breathing bag are at the proximal end of the 
wider tube, away from the patient. The cir- 
cuit is light, does not need soda lime or 
directional valves, has an adjustable pop-off 
valve, permits assisted or controlled ven- 
tilation, and is designed to eliminate CO. 
with either spontaneous or controlled ven- 
tilation so long as adequate fresh gas inflow 
is supplied. 


A clinical study was undertaken to evalu- 
ate the Bain circuit with regard to oxygena- 
tion and CO, elimination under controlled 
conditions and to compare it with the pres- 
ently popular semiclosed breathing circuit 
(SCBC) with CO. absorber. 


* Assistant Professor. 
*Resident in Anesthesiology. 


iProfessor and Chairman. 


to oxygenation of manually ventilated patients 
with fresh gas inflow of 70 ml/kg/min while 
maintaining a Paco» at a mean of 38 torr versus 
an SCBC mean of 32 torr. The authors were 
impressed with the clinical simplicity, efficiency, 
and versatility of the Bain system and believe 
that it will play a major role in the future of 
anesthesia-machine design. 


METHODS 


Unselected adult patients undergoing elec- 
tive open-heart surgery (mostly coronary 
vein grafts) were studied. They were pre- 
medicated with morphine and scopolamine 
or atropine and induced with IV diazepam 
and morphine. After preoxygenation, the pa- 
tients were intubated with the help of suc- 
cinylcholine or pancuronium following en- 
dotracheal spray of 4 percent lidocaine solu- 
tion. They were then attached at random 
either to a standard SCBC with CO., absorb- 
er or a Bain circuit. Both systems delivered 
the same mixture of N.O-O. (50:50) at 
equal total fresh gas inflow calculated at 70 
ml/kg/min. All patients were paralyzed and 
manually ventilated. After anesthesia was 
established for 30 minutes, an arterial blood- 
gas sample was taken. Following this, the 
breathing systems were reversed. At the end 
of 30 minutes, arterial blood was sampled 
for another gas analysis. 
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FIGURE. Above: Conventional Mapleson D semiclosed breathing circuit. Below: Bain svstem breathing 
circuit. A. Tube-within-tube design. B. Cross-section of tubing. Arrows show air inflow and outflow. 


Other patients were ventilated with the 
Bain system only and arterial blood samples 
were drawn at random without the person 
administering the anesthesia knowing the 
time the sample would be taken. All blood 
samples were obtained from a radial artery, 
annulated percutaneously after a preinduc- 
tion Allen test. Blood samples were ana- 
lyzed for Paco,, Pao,, pH, and HCO, by 
the same technician, with Instrumentation 
laboratory equipment. Blood pressure 
(BP), central venous pressure (CVP) 
through the femoral vein, ECG, rectal tem- 
perature, heart rate, and urine output were 
continuously monitored on all patients. 


RESULTS 
Three groups of patients were studied. 


Group I (n  22).—' These patients, all 
of whom were anesthetized bv the same 
person (KR), had manually controlled ven- 
tilation (MCV) with constant respiratory 
minute volume (MV) of mean 95 ml/kg/ 
min with both systems in randomized order, 
measured with a Wright respirometer incor- 
porated between the endotracheal tube and 
the breathing circuit. The fresh gas inflow 


with both systems was calculated at mean 
70 ml/kg/min, or 73 percent of the patients’ 
MV. Results are shown in table 1. 


Group IT (n = 24).—' These patients also 
had MCV with both systems in a random- 
ized order, but were anesthetized by vari- 
ous members of the team. While MV was 
not measured, fresh gas inflow was calcu- 
lated at the same mean of 70 ml/kg/min. 
No special instructions on equipment use 
were given. Blood-gas data are shown in 
table 2. 


Group Il, in = 26).—' These patients had 
MCV using only the Bain system. The fresh 
gas inflow was again. calculated at mean 
70 ml/kz/trin. Anesthesia was administered 
by various members of the department, who 
were instrueted briefly in the use of the cir- 
cuit. Blood gases (table 3) were analyzed 
at random. 3lood-gas data for all 72 patients 
who had manually controlled ventilation 
with the Baan circuit were pooled (table 4). 


Biostetistacal analysis of the results by 
paired t-tes:s showed a statistically signifi- 
cant (p«04001) difference in Paco. and 
pH betweem the 2 systems but no signifi- 
cant differeice in Pao, or HCO,. 
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TABLE ] 


Blood-Gas Data in Group | Patients Given MCV with Constant MV with Constant MV 
at Fio;^, First Using at Random Either Bain System or Semiclosed Circle and 
After 30 Minutes, Reversing Systems for Another 30 Minutes 





Number of Meon 2-tail 
NER d RN. P stent | Mean SD (difference) SD T valu probability 
Paco. (B) 5 37.8 FAS KY 13 EE 0.001" 
Ə ti, <0, = 
Paco: (SCBC) 32.7 +4.9 Í j 
Pao. (B) 199.4 +£33.7 
81 3.1 +39.8 0.8 p 0.425 
Pao. (SCBC) 191.8 +341 
Bicarb (B) 55 20.3 2.0 T 1 13 0.19% 
: : +1,5 Pe ; 
Bicarb (SCBC) 19.8 usd 5 
pH (B) 7.3 ::0.05 
| 22 —0.004 +£0.05 —41 p<0.001* 
pH (SCBC) 7.4 +0.07 


*Statistically significant difference. 
B = Bain system. 
SCBC = semiclosed breathing circuit with soda lime absorber. 


*tFour patients receiving Fio,' at the time of one of the blood samples are not included. 


TABLE 2 


Blood-Gas Data in 24 Patients Given MCV with Fresh Gas Inflow of 
70 ml/kg/min at Fio; ^, First Using at Random Either Bain System or 
Semiclosed Circuit and After 30 Minutes, Reversing Systems for Another 30 Minutes 





Number of Mean 2-tail 
Variable patients Mean $D ( difference] SD T vaiue probability 
Paco, (B) 39.5 EDA 
l 24 Tel 24.9 7.7 p<0.001* 
Paco, (SCBC) 31.8 +83.8 
Pao, (B) 190.2 +37.4 
24.1 +30.1 3.6 p 0.002 
Pao: (SCBC) 166.1 +46.8 
Bicarb (B) 21-1 +1.8 
s 2 Ll +41 2.0 p 9.057 
Bicarb (SCBC) 20.0 --4.5 
pH (B) 7.4 +0.04 
24 0.06 +0.04 — 7.4 p=0.001* 
pH (SCBC) 7.4 +0.05 


*Statistically significant difference. 
B = Bain system. 
SCBC = semiclosed breathing circuit with soda lime absorber. 


Four patients receiving Fio, at the time one of the blood samples was not included. 


to normal range, in 72 patients given MCV 
with a fresh gas inflow of 70 ml/kg/min and 
compares with data reported by Bain and 
Spoerel:? mean Paco, 36.6 + 4.3 torr in 20 
patients, and by Henville and Adams: 
mean Paco, 40.8 + 4.3 torr in 140 patients. 


DISCUSSION 


The mean fresh gas inflow with the Bain 
circuit was that suggested by Bain and 
Spoerel! In those patients in whom MV 
was measured, the ratio between inflow vol- 
ume and MV was 0.73, a ratio demonstrat- 


ed?" as adequate to maintain Paco, close 
to normal range in spontaneously breathing 
patients using a Magill anesthetic system. 


The Bain circuit maintained a mean 
Paco. of 37.7 (+ 4.0) torr, which is close 


There appears to be a statistically signifi- 
cant tendency (p<0.001) to hyperventilate 
patients with the SCBC. However, the clin- 
ical significance of such a difference in 
Paco, is debatable and is beyond the pur- 
view of this study. 
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TABLE 3 
Blood-Gas Data Sampled at Random in 
26 Patients Manually Ventilated with 
Bain System—Fresh Gas Inflow at 
70 ml/kg/min at Fio;? 








Variable Mean $b 
Paco; 35.9 +3.4 
Pao; 204.2 OTE 
Bicarbonate 21.5 +1.9 
pH 7.4 + 0.04 

TABLE 4 


Blood-Gas Data (Pooled) in Patients 
Manually Ventilated with Bain System— 
Fresh Gas Inflow at 70 ml/kg/min at Fio; ? 





Number of 
Variable patients Mean SD 
Paco. 72 37.7 +4.0 
Pao, 64* 198.8 +45.3 
Bicarbonate 12 21.2 +2.0 
pH 72 7.4 +0.05 





*Eight patients receiving Fio, at the time of the 
blood sample are not included. 


CONCLUSIONS 


In comparison with the SCBC with soda 
lime absorber, the Bain circle produces simi- 
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lar oxygeration, while the CO, level is 
maintamec closer to normal physiologic 
levels, and by changing the volume of fresh 
gas inflow, the level of Paco. can be 
changed.? From a clinical point of view, 
the Bain circle offers many advantages. It 
is light anc compact, does not require valves 
or CO, absorber, and is disposable. 


The clirical simplicity, efficiency, and 
versatilty of this system is so impressive 
that we be ieve it will play a major role in 
the des:gn of future anesthesia machines. 
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LEFT VENTRICULAR FILLING PRESSURE. The aathors’ determined responses 
following intravenous diazepam (0.1 mg/kg) adminis:erel to 12 patients with elevated 
resting left ventricular end-diastolic pressures (LVED? greater than 14 torr). Diazepam 
produced a significant decrease in LVEDP from 24.5 to-r to 16.0, 15.8 and 16.1 torr 
9, 15 and 30 minutes after drug administration. Hezrt -ate, cardiac output, systemic 
vascular resistance and coronary sinus blood flow did nct change significantly. Blood 
pressure was reduced an average 10 torr. Tidal volume was significantly decreased. 
The fall in blood pressure and a likely decrease in venous return were speculated to 
be responsible for the decreased left heart filling pressures. Diazepam may be an ideal 
sedative in the patient with impaired left ventricular fmnction. (Cote P, Campeau L, 
Bourassa MG: Therapeutic implications of diazepam ix patients with elevated left 
ventricular filling pressure. Am Ht J 91:747-751, 1976) 
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Ventilatory Pattern, Intrapleural Pressure, and Cardiac Output 
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Continuous positive-pressure ventilation may de- 
crease cardiac output. However, few reports 
have separated the effects of positive end-ex- 
piratory pressure (PEEP) from those of me- 
chanical ventilation. Ten surgical patients re- 
quiring mechanical ventilatory support had 
catheters inserted for measurement of right 
atrial pressure CRAP), pulmonary artery occlu- 
sion pressure (PAOP), intrapleural, radial ar- 
tery, airway, and atrial filling pressures, and 
cardiac output. All patients breathed spontane- 
ously between mechanical breaths delivered 
every 30 seconds by intermittent mandatory 
ventilation (IMV). Measurements were made 
with. 0, 5, and 10 cm H,O PEEP, and during 
intermittent positive-pressure ventilation 


Trenes positive-pressure ventila- 
tion (IPPV) with positive end-expira- 
tory pressure ( PEEP) may be therapeutic 
for patients with hypoxemia and intrapul- 
monary shunting of blood secondary to de- 
creased expiratory lung volume.! However, 
such therapy may decrease cardiac output 
and O., delivery? despite increased Pao.. 
For this reason, IPPV with PEEP greater 
than 15 em H.O rarely has been advocated. 
In contrast, we recently treated a series of 
patients who breathed spontaneously be- 
tween mechanical breaths and received 


(IPPV) with 12 breaths/min without PEEP. 
Airway pressure (Paw), intrapleural pressure, 
RAP, and PAOP were increased by PEEP and 
IPPV. Intrapleural pressure increased most dur- 
ing IPPV (p<0.001). Atrial filling pressures and 
cardiac output were unaffected by PEEP but 
decreased during IPPV (p<0.001). Patients re- 
ceiving IMV maintained negative intrapleural 
pressure, atrial filling pressure, cardiac output 
and, therefore, O. delivery, regardless of PEEP 
level. The authors conclude that patients requir- 
ing mechanical respiratory support, with or 
without PEEP, may maintain better cardiopul- 
monary function when allowed some spontane- 
ous ventilatory activity. 


PEEP in excess of 25 cm H.O without meas- 
urable detrimental cardiovascular effects.“ 


The purpose of this investigation was to 
determine relative effects of spontaneous 
respiration, PEEP, and mechanical ventila- 
tory patterns on intrapleural pressure and 
cardiac output in patients requiring ventila- 
iory assistance. 


METHODS AND MATERIALS 


Informed consent was obtained from 10 
ASA III patients who required operations 
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Symbols and Abbreviations Used 
BP: blood pressure (radial artery? 
Cao.: arterial O, content 


Ca-Vo,: arterial-venous O, content difference 


Cvo,: mixed venous ©, content 


IMV: intermittent mandatory ventilation 


IPPV: intermittent positive-pressure ventila- 
tion 


Paco.: arterial CO, tension 

Pao... arterial O. tension 

PAP: pulmonary artery pressure 

PAOP: pulmonary artery occlusion pressure 


PAOP py: transmural pulmonary artery occlu- 
sion pressure 


Paw: alrway pressure 

PEEP: positive end-expiratory pressure 
pHa: arterial blood pH 

P: transpulmonary pressure 

Ppl: intrapleural pressure. 

Pvo,: mixed venous O, tension 


Qsan/Qt: intrapulmonary blood shunt frac- 
tion 


Qsp/Qt: pulmonary venous admixture 
RAP: right atrial pressure 
RAP»: transmural right atrial pressure 


SV: stroke volume 
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for coronary revascularization. None had 
preoperative evidence of pulmonary dys- 


* function. General anesthesia was maintained 


with N.,O-O, and morphine sulfate (1 to 3 
mg/kg bodv weight}. Muscle relaxation was 
provided with pancuronium bromide. After 
ardiopulmonary bypass, each patient had 
a thermisior-tipped, flow-directed pulmo- 
nary artery eatheter* inserted percutaneous- 
ly throuzb the right internal jugular vein 
during manometric monitoring. The left 
adial artery was cannulated percutaneous- 
ly with a 20-gauge Teflon catheter. A 15-cm, 


16-gauge saline-filled Teflon  intrapleural 
catheter} was inserted percutaneously 


ale 


through an introducer? in the 5th intercostal 
space 2.5 em posterior to the anterior axil- 
lary line and was directed cephalad.‘ Post- 
operatively. chest roentgenograms and man- 
ometric tracings confirmed proper intra- 
pleural and pulmonary artery catheter place- 
ment (fig 17. 


No pharmacologic reversal. of the mor- 
phine or pancuronium was employed, and 
*Edwards Laboratories. Santa Ana, California. 
TInfuset. Sorenson Research Corporation. Salt Lake 
City, Utah. 
t12-gauge  Medicut. Aloe Medical Company. St. 
Louis, Missouri. 





Fic 1. a. Chest roentgenogram., showing correct placement of intrapleural and pulmonary artery catheters. 


b. Close-up view of intrapleural catheter shown in a. 
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endotracheal intubation was continued un- 
til completion of the study. The patient's 


ventilation was controlled initially with a - 


volume-cycled ventilator* adapted to pro- 
vide intermittent mandatory ventilation 
(IMV).5 


A mechanical tidal volume of 12 ml/kg 
was delivered to the patient at a rate adjust- 
ed to provide the minimum amount of me- 
chanical ventilatory assistance necessary to 
maintain an arterial pH (pHa) greater than 
or equal to 7.35. Inspired O, concentration 
was 0.35 in all cases. Patients were in a 
15? head-up position and received only 50 
ml/hr of a 5 percent dextrose in water solu- 
tion during the study period. Measurements 
were begun as soon as the patient's spon- 
taneous respiration was sufficient to require 
only 2 IMV/min. Intrapleural pressure 
(Ppl), airway pressure (Paw), pulmonary 
artery pressure (PAP), radial artery blood 
pressure (BP), right atrial pressure (RAP), 
and pulmonary artery occlusion pressure 
(PAOP) were recorded, using chart record- 
ings} and pressure transducerst filled with 
saline solution. 


Radial and pulmonary arterial blood sam- 
ples were analyzed for hemoglobin concen- 
tration, Po», Pco., and pH using standard 
electrode technics.$ Cardiac output was 
measured by the thermodilution technic.| 
Pulse rate was measured by ECG monitor- 
ing.+ Mean transpulmonary pressure (P,), 
expiratory P,, mean transmural RAP 
(RAP44) and mean transmural PAOP 
(PAOP u) were calculated by subtracting 
Ppl from the appropriate pressure measure- 
ment. Systemic arteriolar resistance 

BP —RAP 


min nv TUUS eer mara tB tra aas AMAA LAL ans 


x 80) and pulmonary 
arteriolar resistance 
( PAP — PAOP 


tnm meranen 


x 30) were calculated. 


Arterial and venous O, content, arterial- 
venous O., content difference (Ca-vo.,), and 
pulmonary venous admixture (Qsp/Qt) 
were calculated according to previously de- 
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tMennen-Greatbatch Electronics, Inc, Clarence, New 
York. 


$23db, Statham Instruments, Inc, Oxnard, California. 


Slnstrumentation Laboratory, Inc, Lexington, Mas- 
sachusetts. 


Edwards Laboratories, Santa Ana, California. 


scribed programmed formulas." Oxygen uti- 
- E Ca-vo., . 

lization coefficient oc) , O. delivery 
(cardiac output x Cao.) and stroke volume 


cardiac output 
Se ee also were calcu- 
heart rate 


lated. Measurements were obtained and cal- 
culations made while patients received the 
following: 


(A) 2 IMV/min, zero end-expiratory 
pressure (ZEEP) for 10 minutes, followed 
by ` 

(B) 2 IMV/min with 5 cm H.O PEEP 
for 10 minutes, followed by 


(C) 2 IMV/min with 10 cm H,O PEEP 
for 10 minutes, followed by 


(D) 2 IMV/min with ZEEP for 10 min- 
utes, and finally, 


(E) IPPV with 12 breaths/min and 
ZEEP for 10 minutes. The system resulted 
in ambient spontaneous inspiratory airway 
pressure, and PEEP was provided with a 
water column, threshold resistor** (fig 2). 


Data were analyzed by 2-way analysis 
of variance and Duncan's multiple range 
test to determine significant differences from 
control values (time A). 


RESULTS 


All patients met the criteria for study 
within 10 hours of operation. There were 
no significant differences in any measured 
or calculated variable between the 2 periods 
of IMV with ZEEP (A and D). Addition 
of 5 or 10 cm HO PEEP to the ventilatory 
pattern of patients receiving IMV caused no 
significant change in pHa, Paco. or Pao. 
(table). Immediately after 10 minutes of 
IPPV, Paco, decreased from 43.5 + 3.1 to 
29.1 + 2.4 torr (p« 0.0001) ; pHa increased 
from 7.42 + 0.02 to 7.54 + 0.01 (p« 0.0001); 
and mixed venous O, tension (Pvo.) fell 
significantly. There was no significant 
change in Pao, or Qsp/Qt whether patients 
received IMV, PEEP, or IPPV (table). 


Paw increased from 0.19 + 0.09 torr to 
3.29 + 0.29 torr when 5 cm H,O PEEP was 
applied (p« 0.001) and increased further to 
5.01 + 0.40 torr when PEEP was increased 
to 10 cm H,O (p<0.0001). After PEEP 
was removed and ventilator rate was in- 
creased to 12 breaths/min, all patients 


**J. H. Emerson Company, Cambridge, Massachu- 
setts. 
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Fig 2. Airway and intrapleural pressure tracings during 2 IMV “min with 0, 5, and 10 cm H,O PEEP: 


and during 12 IPPV/min without PEEP. P, — 


transpulmonary pressure. Cardiac cutput (CO) was nct 


significantly affected by ventilatory pattern in this patient. 


stopped breathing spontaneously. Paw in- 
creased to 4.70 + 0.31 torr (p« 0.0001), 
which was greater than that recorded during 
IMV with 0 and 5 cm HO PEEP 
(p<0.00F). Control Ppl was —3.49 + 0.67 
torr with ZEEP, —2.59 + 0.77 torr (not sig- 
nificant) with 5 cm HO PEEP; increased 
to —1.68 + 0.97 torr (p<0.05) with 1C cm 
H.O PEEP; and increased further to —0.07 
+ 0.74 torr when the ventilator rate was in- 
creased to 12 breaths/min without PEEP 
(p« 0.0001). This value was greater than 
that measured with both 5 cm H,O 
(p«0.001) and 10 cm H,O PEEP 
(p« 0.05). P, and expiratory RB, (fig 2) 
were increased by 5 and 10 cm H,O PEEP 
but not by IPPV despite elevated Paw. 


RAP did not change significantly with the 
addition of 5 cm H,O PEEP but decreased 





when patients received IPPV (p<0.05) 
(table). Beth RAP, and PAOP,, re- 
mained unchanged during IMV with 0, 5, 
and 10 em H.O PEEP, but decreased sig- 
nificantly waen ventilator rate was increased 
(p«0.001) (fig 3). 


Cardiac cutput was unchanged whether 
patients received 2 IMV/min with or with- 
out PEEP. When PEEP was removed and 
ventilator rete was increased to 12 breaths/ 
min, cardiac output decreased from 5.63 + 
0.64 L/min :o 4.98 + 0.56 L/min (p«0.01) 
(fig 3). Simce pulse rate did not change 
with ventiittory pattern (table), SV de- 
creased dur-ng IPPV. Hemoglobin concen- 
trations, ar:erial or venous O, content, 
Ca-vo, and O» utilization coefficients did 
not vary significantly with ventilatory pat- 
tern or pressure (table). When ventilator 
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pressure (PAOP,,), transmural right atrial pres- 
sure (RAP+.,). and cardiac output (CO) during 2 
IMV/min with 0. 5, and 10 cm H.O PEEP. and 
during 12 IPPV/min without PEEP (mean = SEM). 
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Fig 4. Expiratory transpulmonary pressure (mean 
* SEM) increased with 5 and 10 cm H,O PEEP, 
indicating increased expiratory lung volume. 


rate was increased from 2 to 12 breaths/ 
min, PAP decreased (p<0.05), although 
BP did not change significantly. Systemic 
and pulmonary arteriolar resistance were 
unchanged during the entire period of study 
(table). 

| DISCUSSION 

Addition of PEEP to a patient's mechani- 
cal ventilatory pattern has been showr to 


increase functional residual capacity* ^ and 
may be therapeutic for some patients who 
have hvpozemia secondary to Qsp/Qt.^" 
Addition of low levels of PEEP to the ven- 
tilatory pat£ern of normo- or hypervolemic 
patients mz y have no significant effect on 
cardiac outout.".'" However, some patients 
may have e marked decrease in expiratory 
lung volume and low pulmonary compli- 
ance, aad may require higher levels of 
PEEP to normalize lung volume and mini- 
mize Qsp/Q' ?.!! 


Increzsed Paw associated with PEEP and 
mechanicai ventilation has been shown to 
be detrimemtal to cardiac output.?.'? Pre- 
sumably ths occurs secondary to abolition 
of normal regative Ppl and decreased tho- 
racic venous blood inflow. Further reduction 
in cardiac cutput may occur by tamponade 
of pulmenary capillary blood flow secondary 
to high alveolar pressures.'* Qvist’s group! 
augmented 3lood volume in dogs to main- 
tain atrial filling pressure and cardiac out- 
put during controlled mechanical ventila- 
tion with PEEP. However, following re- 
moval o? PZEP from the ventilatory pat- 
tern, the arimals had elevation of cardiac 
filling pressure and potential for pulmonary 
edema. 


We previously reported a series of pa- 
tients who required PEEP in excess of 25 
cm H.O to minimize Qsp/Qt.? All received 
low IM¥V rates (average 4.2 IMV/min) 
with PEEP. and in no patient was cardiac 
output comoromised. It was hypothesized 
that spontareous ventilatory activity, which 
occurred between the IMV, maintained tho- 
racic verous inflow of blood, thereby enabl- 
ing card:ac output to remain at pre-PEEP 
levels. Our present findings confirm that hy- 
pothesis. In addition, since fluid loading was 
not required, removal of PEEP did not re- 
sult in vasealar hypervolemia. 


Addition ef 10 cm H.O PEEP to the me- 
chanical vertilatory pattern of the patients 
receiving 2 . MV/min caused a rise in Paw 
equivalent to that attained by increasing 
the ventilator rate to 12 breaths/min with 
ZEEP. Ia spite of equivalent Paw, Ppl was 
significartlv higher during IPPV than dur- 
ing IMV. even with 10 cm HO PEEP. The 
decrease in Ppl that occurred secondary to 
spontaneous respiration between IMV was 
absent durimg IPPV (fig 2). 


This fincimg has several clinically rele. 
vant implications. Lung volume is the pro- 
duct of lung compliance and transpulmo- 
nary pressu-e. Since expiratory P, was 
greater with PEEP than with IPPV (fig 4), 
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mean lung volume was probably greater 
with PEEP than IPPV without PEEP. This 
is consistent with prior findings!^ of either 
no increase or a decrease in lung volume 
during IPPV without PEEP. 


Thoracic venous inflow of blood is related 
to intrapleural pressure. Effective filling 
pressures of the right and left atria can be 
determined only if Ppl is known.!*.!5 There- 
fore, even though RAP and PAOP were not 
decreased during IPPV, the significant in- 
crease in Ppl caused a significant fall 
(—2095) in transmural cardiac filling pres- 
sure. The parallel decrease in SV (~21%) 
caused a significant decrease in cardiac out- 
put. Since Cao, was unchanged, O., deliv- 
ery decreased during IPPV but not during 
IMV even with PEEP. Fall in PAP paral- 
leled the decrease in cardiac output during 
IPPV. 'Therefore, there was no increase in 
calculated pulmonary arteriolar resistance. 
This would indicate that the increase in 
Paw was not a significant factor in cardiac 
output reduction. 


Although IPPV resulted in no change in 
Cvo., there was a significant decrease in 
Pvo, (p«0.01). This may be explained by 
a leftward shift in the oxyhemoglobin dis- 
sociation curve; this may occur during alka- 
losis and hypocarbia, which may also cause 
a decrease in cardiac output.!* Whether the 
short period of alkalosis caused by IPPV 
had a significant effect on cardiac output in 
the present study is unknown. However, re- 
duction in cardiac output paralleled the de- 
cline in cardiac filling pressures without 
change in vascular resistances, making such 
an effect unlikely. Even though IPPV was 
associated with a decrease in Pvo. and car- 
diac output, the impairment in O, delivery 
was neither statistically nor clinically sig- 
nificant. 


Adverse cardiovascular effects of mechan- 
ical ventilation with PEEP are well docu- 
mented.! Our findings indicate that such ef- 
fects can be minimized or eliminated when 
patients are allowed to breathe spontane- 
ously between mechanical breaths. This will 
allow intrapleural pressure to decrease suf- 
ficiently to maintain venous return, trans- 
mural cardiac filing pressure, cardiac out- 
put, and O, delivery at pre-PEEP levels 
without intravascular volume loading. At 
the same time, PEEP will increase expira- 
tory P, and, therefore, expiratory lung vol- 
ume. 
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Guest Discussion 


DOUGLAS B. CRAIG, M.D. 
Department of Anesthesia 
University of Manitoba 
Winnipeg, Canada 


This paper presents interesting and im- 
portant new information relating to irtra- 
pleural pressures during supported ventila- 
tion. I would like to discuss the paper from 
2 points of view. 'The clinician would like to 
know if the data presented provide further 
evidence for the benefit and usefulness of 
the technic of intermittent mandatory ven- 
tilation (IMV). The physiologist will, how- 
ever, be more interested in the measure- 
ments of intrapleural pressure and their 
interpretation. I will begin with this 2nd 
approach. 


What pressure was measured in the pleu- 
ral space, and how can this pressure be re- 
lated to circulatory and respiratory events 
in the thorax? To answer this questior, it 
is essential to make the distinction between 
pleural surface pressure (Ppl) and pleural 
liquid pressure (P,,). 


Ppl is the net force per unit area of pleu- 
ral surface and is the pressure that deter- 
mines the degree of expansion of the lung 
under normal conditions. Ppl is also trans- 
mitted to intrathoracic extrapulmonary 
Structures, such as extrapulmonary airways, 
the esophagus, great vessels, and the heart. 
While it is convenient to consider that in- 
trapulmonary airways and vessels are also 
subject to Ppl, it is clear that the surface 
pressure in peribronchial and perivascular 
spaces may differ.! 


Pia is the hydrostatic pressure of pleural 
liquid relative to atmospheric pressure.’ If 
the visceral and parietal pleura were noi in 
contact, as with a pneumothorax, P, would 
equal Ppl. However, as is normally the case, 
the two layers of pleura are in intimate 
contact with a small amount of pleural 
liquid between them. This pleural liquid is 
removed through osmotic forces, thereby 
lowering the P,,, below Ppl until an ecui- 
librium is reached between the forces re- 
moving liquid from the pleural space and 
the stresses between the surfaces in con- 
tact.! 


The situation in the pleural space has 
been described as analogous to a large glass 
jar, representing the chest wall, containing 
an inflated balloon open to atmosphere, rep- 


resenting the lungs.* The balloon is sur- 
rounded by liquid. If a syringe is used to 
suck out the liquid through a side port in 
the jar, the balloon will expand until it 
comes ir contact with the jar. Further suc- 
tion lowers the liquid pressure between the 
balloon and the jar, but since the balloon 
is unable te expand further, the pressure 
across the balloon wall remains constant. 
Since the irside of the balloon is open to 
atmospheric pressure, surface pressure on 
the outside ef the balloon also remains con- 
stant. P, therefore is normally more nega- 
tive than Pol and the two cannot be con- 
sidered equivalent. 


It would appear that in the present study, 
Pj, and nct Ppl was measured. In spite of 
this, the mean control end-expiratory intra- 
pleural pressure was close to that predicted 
on the kasie of previous investigation, as- 
suming measurement at midpoint of thorax.! 


Two additional points must be raised con- 
cerning the pleural-pressure measurements. 
Previous investigators have found liquid- 
filled catheters, as used in this study, unre- 
liable for the measurement of pleural pres- 
sure, in that they showed both systematic 
and random errors.! Secondly, it is clear 
that a pleural-pressure gradient exists in the 
direction of gravity with most negative pres- 
sures in superior, and least negative pres- 
sures in inferior, parts of the pleural space.! ? 
There is alsc evidence of marked local pleu- 
ral-pressure variations, with pressures under 
ribs being different than pressures in the 
adjacent interspaces.' As a result, pressure 
at any 1 site is a localized phenomenon, 
which canno: be directly related to pressure 
elsewhere in the pleural space, nor consid- 
ered equal tc the average intrapleural pres- 
sure. 


It is necessary, then, to question the inter- 
pretation of the pleural-pressure measure- 
ments. While it is clear that pleural pres- 
sures changel with the ventilatory pattern, 
it does not appear valid to consider the abso- 
lute pressures measured as the actual Ppl, 
or to equate :he measured pressure with the 
average Ppi. Therefore, the values for ex- 
piratory traaspulmonary pressure, trans- 
mural atrial pressure, and transmural pul- 
monary artery wedge pressure obtained by 
subtractirg pleural pressure from respective 
airway or vascular pressure would appear to 
be potentiall* in error. 


€—— 





*Murphy BG: Lung and chest wall distortability in 
dogs (MS: 'Tkesis). Montreal, McGill University, 
Department of Experimental Medicine, March 1974. 
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There remains the question of the rele- 
vance of this study for the clinician. The ob- 
served preservation of circulatory function 
during 5 and 10 cm HO PEEP with IMV 
is clinically important, Cardiac output and 
O. delivery were unchanged during PEEP, 
in contrast to the findings of earlier studies 
of PEEP without IMV. The changes in 
pleural pressure with the different ventila- 
tory patterns suggest that the preservation 
of spontaneous breathing activity during 
IMV is important in maintaining adequate 
venous return and therefore cardiac output. 


The acute respiratory alkalosis during the 
IPPV phase of this study would be expect- 
ed to reduce cardiac output, so that it is 
not possible from these data alone to con- 
clude a cardiovascular advantage for IMV 
as opposed to IPPV. However, previous re- 
poris by Dr. Downs and his associates, in 
combination with the findings of the present 


OPERATION AFTER REVASCULARIZATION. 


study, do support the contention that the 
circulatory consequences of IMV are less 
than those of IPPV. 


In spite of the limitations I have sug- 
gested, information gained in critically ill 
patients from pressure measurements using 
intrapleural catheters may have major clin- 
ical usefulness. 


I would like to close on an affirmative 
note by paying tribute to Dr. Downs and 
his colleagues for the large volume of valu- 
able information they have provided in this 
field in recent years. i 
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Twenty of 141 patients required 


subsequent operations (16 elective and 4 emergeney) 3 months to 5 years following 
aortocoronary vein bypass graft operations. A variety of anesthetic techniques were 
utilized and mortality was zero. Postoperative sepsis and hypotension were the cause 
of death in one patient undergoing emergency laparotomy. These types of data suggest 
that patients with coronary artery disease who have had myocardial revaseularization 
procedures are acceptable risks for elective or emergency operations. Whether the risk 
is less in these patients as compared with patients also with coronary atherosclerosis 
but without bypass operations is not known. (Scher KS, Tice DA: Operative risk in 
patients with previous coronary artery bypass. Arch Surg 111:807-809, 1976) 
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#ntagonism in Mic 
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D. W. KENT, MD* 
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E. |. EGER, Il, MDE 

B. KENTS 


The anesthetic partial pressure causing a loss 
of righting reflex in mice (EDs) was deter- 
mined for isoflurane at ambient total pressures 
ranging from 1 to 100 atmospheres absolute 
(ATA). The higher pressures, produced by add- 
ing helium, decreased isoflurane's apparent an- 


EVERAL studies in aquatic and amphibi- 
ous animals have demonstrated that the 
anesthetic action of intravenous and inhala- 
tional agents! can be antagonized by the 
application of hundreds of atmospheres pres- 
sure. This “pressure reversal” of anesthesia 
did not depend on whether the pressure was 
applied hydrostatically or by addition of 
helium (He) to the anesthetic chamber. 
Wet and others? have demonstrated that 
pressure reversal also occurs in mammals 
(mice) anesthetized with N O or N., and 
subjected to up to 150 atmospheres absolute 
pressure (ATA) of He, as determined by 
the righting reflex-—the ability to remain on 
their feet through 1 complete revolution of 
their cage. In addition, we determined that 
a rectilinear relationship exists between 
total pressure and the additional N.O par- 
tial pressure required to achieve an ED,, 
for loss of the righting reflex. 


The phenomenon of pressure reversal 
supports both a hydrophobic (Meyer- 
Overton,® Mullins?) or a hydrate (Pauling,® 


esthetic effect: 48 percent more was needed at 
100 ATA. This is consistent with previous work 
with N.O, where a 46 percent increase was 
found. The 32D for isoflurane at 1 ATA is 
0.0057 ATA, only 29 percent of that predicted 
by the Meyer-Overton relationship for mice. 


Miller?) thaory of anesthetic action, and 
further explorations of pressure reversal may 
be useful to our understanding of how anes- 
thetics work. Of equal practical importance, 
these studies may be immediately applicable 
to man's exoloration of the ocean. We con- 
sidered it cf value to determine whether 
(1) the antagonism by pressure of mamma- 
lian general anesthesia produced with N.O 
occurred with other inhaled anesthetics and 
(2) whethe- the antagonism was quantita- 
tively the seme for all. This required study 
of other anesthetics whose physical proper- 
ies were substantially different from those 
of N.O. 


Accordingly, we chose the new fluorinated 
ether, isoflu-ane, because it is larger (and 
therefore forms a different hydrate) and is 
far more lipid-soluble and potent as an anes- 
thetic. In addition, isoflurane is nonflam- 
mable, chemically stable, and poorly solu- 
ble in blood. This low blood solubility 
(blood/gas >artition coefficient!? of 1.4 at 
37? C) is essential to rapid equilibration, 
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which is particularly important in our ex- 
periments with mice, where only the in- 
Spired anesthetic concentrations can be con- 
veniently measured. 


METHODS 


Each experiment used eleven 20 to 30-gm 
male Swiss-Webster mice. Eight were placed 
in separate cylindrical wire-mesh cages 
large enough to permit free movement. 'The 
cages could be rotated at 4 rpm in either 
direction. The remaining 3 mice were re- 
strained by their tails in cages, and ther- 
mistor probes inserted for monitoring rectal 
temperatures, maintained at 37? C by ma- 
nipulation of the chamber temperature. 


All mice were placed in a 20-L stainless- 
steel chamber with plexiglass viewports. 
Pressures within the chamber were meas- 
ured with gauges calibrated against a dead- 
weight tester. * Two thermistor probes moni- 
tored gas temperatures within the chamber. 
An internal fan circulated the chamber 
gases through a soda-lime absorber, main- 
taining a Paco, of «1 torr. À pressure mani- 
fold was used for the addition of specific 
proportions of gases to the chamber. This 
was controlled in an '"'air-lock" fashion with 
4 needle valves and a pressure gauge, and 
was separated from the chamber by 2 more 
valves. A side port permitted sampling and 
exhaust of chamber gases (fig 1). 


Initially, the chamber was flushed with 
100 percent O, for 20 minutes. A subanes- 
thetic dose of isoflurane was added to the 
closed chamber. 'The chamber was pressur- 
ized with He at a maximum rate of 0.68 
A'TA/min to the experimental pressure. In- 
spired O, (F10,) was maintained between 





*A dead-weight tester consists of a piston whose 
surface area is accurately known. The piston is 
connected to 1 arm of a balance. The other arm 
of the balance permits the addition of weights. 
From a knowledge of the surface area of the piston 
and the weight supplied and of the lever arms 
about the fulcrum, one can accurately determine 
the pressure being applied to the piston face. 
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0.6 and 1.5 ATA. Gas samples were moni- 
tored for Fio, with a paramagnetic O, 
analyzer ( Beckman, Model E-2), and for F, 
(isoflurane) with a hydrogen flame ioniza- 
tion detector gas chromatograph.t 


Isoflurane was added to the chamber via 
the pressure manifold and was removed by 
exhausting some of the gas mixture and re- 
placing with He and O., as needed. After 
equilibration at a given F, (isoflurane) for 
at least 40 minutes, the mice were observed 
for loss of righting reflex. No further changes 
in the number of anesthetized mice occifrred 
with continued equilibration for an addi- 
ional hour. 


Each experiment was analyzed by probit 
analysis for determination of sample ED., 
and estimate of standard deviation (+ SD) 
of the total (mouse) population. 


RESULTS 


Isoflurane ED, at 1 ATA was approxi- 
mately 0.6 percent and rose to 0.92 percent 
at 100 ATA (table 1, fig 2). Intermediate 
pressures gave approximately linear results 
except at 2.5 and 5 ATA. As with our pre- 
vious He-N.O experiments, chamber tem- 
peratures required to keep mice at 37° C 
ranged from 32? C at atmospheric pressures 
up to 35 to 36.5? C at higher pressures. 
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+The chromatograph column was 18" x 14” stainless- 

steel tubing packed with Porapak? Q 80/100 and 
was kept at 153° C, using N, as the carrier gas. 
The chromatograph was calibrated before and 
after each sample with 1.05 percent isoflurane in 
N, from a pressurized cylinder; we demonstrated 
that readings were not altered by the presence of 
O, or He. 


TABLE 1 


Potency of Isoflurane at Different 
Total Pressures 





ATA Fios n* v p j Sb 
1 1 32 0.57 0.115 
2.5 0.5 16 0.515 0.185 
5 0.4-0.7 16 0.44 0.135 

12.5 0.7-1.5 16 0.726 0.08 

25 0.8-1.3 16 0.71 0.15 

37.5 1.1-1.4 8 0.745 0.09 

50 0.6-0.8 15 0.79 0.195 

75 0.7-0.9 16 0.86 0.07 

100 0.7-1.2 16 0.92 0.10 


*n-number of mice studied. 
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Fig 2. The inspired isoflurane partial pressure 
required to abolish the righting reflex (vertical 
coordinate) in 50 percent of mice (ED, is in- 
ereased as the total pressure (horizontal coordinate) 
is raised by the addition of helium. The equation 
(linear regression by least squares) describing these 
points (except the data from 2.5 and 5 ATA) is 
ED... = 0.00306 X total pressure (ATA) + 0.629. 
The bars indicate = 1 SD (number of mice studied 
at each pressure indicated in table 1). 


DISCUSSION 


The relationship between ambient pres- 
sure (He + O, + isoflurane partial pres- 
sures) and ED,, (anesthetic requirement 
for loss of righting reflex in 50% of the 
mice) is highly linear, except for the results 
at 2.5 and 5 ATA (fig 1). The least-squares 
regression line (excluding the data from 2.5 
and 5 ATA) is superimposed on the chart. 
The specific ED,, values indicate a 48 per- 
cent increase in anesthetic needed at 100 
ATA as compared to 1 ATA. This result 
and the previous result with N.O (46% 
more N.O is needed at 100 ATA then at 
2.5 ATA)!!! are nearly identical. The simi- 
lar results obtained with these 2 dissimilar 
agents suggest that the linear antagonism of 
anesthetic potency by increasing He pres- 
sure may be a general property of inhaled 
anesthetics. The similarity also implies that 
the anesthetic site of action undergoes the 
same molecular volume increase during an- 
esthesia. This would be consistent with the- 
ories suggesting additivity of anesthetic 
effect. Those theories suggest that anesthet- 
ics act at a common site in an identical 
fashion. Thus a factor— pressure, for exam- 
ple—which would affect the action of one 
agent at that site would affect the action 
of another agent in an identical manner. 


There are two unexpected findings in 
these experiments: (1) the apparent de- 
crease in ED,, with the initial increase of 
pressure up to 5 ATA, and (2) the absolute 
value of the isoflurane ED;, at 1 ATA. 
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The depression of the ED., at 2.5 and 
5 ATA is unlikely to be simply a statistical 
quirk, sinc» 16 different animals were used 
at each pressure. Nor are temperature per- 
turbations of anesthetic potency a possible 
explanation. Although the high thermal 
conductivity of He causes rapid heat ex- 
change between the body and the environ- 
ment, care was taken to increase the am- 
bient temperature in order to maintain the 
core temperature at 37? C. The deviation 
may have -esulted from ventilatory depres- 
sion and consequent hypoxia, secondary to 
the slightly lower Fro, used at these pres- 
sures. 'The mouse is known to be particular- 
ly sensitive to hypoxia but, since high par- 
tial pressuces of O., are known to induce 
CNS hyperactivity, we were limited in our 
range o? FD.. The Fro, of 0.5 atm has been 
consistenti” used in previous experiments 
with mice without any suggestion of hypox- 
ia. Although there is no adequate explana- 
tion for the data, the fact that the ED., 
initially decreased argues against the pos- 
sibility of «n increased stimulus, due to in- 
creased pressure, contributing to the ob- 
served pressure reversal phenomenon at 
higher pressures. 


Although consistent with ED;, at higher 
pressure, the isoflurane ED, of 0.0057 at 
1 ATA total pressure is much lower than 
that predic-ed from its oil/gas partition co- 
efficient or from the isoflurane MAC in man 
or in dog. The Meyer-Overton hypothesis 
predicts that for any particular anesthetic, 
the ED., > the oil/gas partition coefficient 
= a constent. Using the data in table 2, 
14 anesthetics (excluding isoflurane) tested 
in mice prcduced a mean value of this con- 
stant o? 195 + 0.29. In this group, the 
agent with the greatest deviation from the 
Meyer-Overton relationship is carbon tetra- 
fluoride, waose constant is 1.28 (17.5 x 
0.073) —approximately 2.3 SD lower than 
the mean. -owever, the isoflurane constant 
is 0.56 (0.0057 x 97.8) —approximately 4.8 
SD lower than the mean. In contrast to the 
apparently abnormal potency in mice, the 
isoflurane anesthetic potency in dogs (MAC 
= 0.015 ATA) and in man (MAC = 0.0115 
ATA) is very close to those predicted by 
the Mever-Overton relationship (0.015 and 
0.013 ATA. respectively). 


This is mot simply the result of using 
different endpoints in the different species. 
For exampl», the ratio of ED., for loss of 
righting refex in mice to MAC in dogs is 
0.92 + 0.15 for the 9 agents (excluding iso- 
flurane) wbose potency has been measured 
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TABLE 2 


Potency and Solubility Data of Inhalational Anesthetics Used in 
Correlation Calculations 


Mouse EDso Dog MAC Man MAC Oil/gas partition 

Agent (ATA) (ATA) (ATA) coefficient 
Methoxyflurane 0.022 0.0023 0.0016 970 
Isoflurane 0.057 0.015 0.0115 97.8 
Halothane 0.0077 0.0087 0.0075 224 
Chloroform 0.0084 0.0077 — 265 
Enflurane — 0.022 0,0168 98 
Diethyl ether 0.03 0.031 0.0192 65 
Fluroxene — 0.06 0.034 47.1 
Cyclopropane 0.16 0.18 0.092 11.8 
Xenon 0.95 1.19 0.71 1.9 
Ethylene 1.36. -— 0.67 1.26 
Nitrous oxide 1.47 1.88 1.05 1.4 
Krypton 4.5 — — 0.5 
Sulfur hexafluoride 5.7 4.9 — 0.293 
Argon 15.2 — — 0.15 
Hexafluoroethane 15.5 — — 0.126 
Carbon tetrafluoride 17.5 2.6 — 0.073 
Nitrogen 33 — — 0.072 


in both species. However, this ratio for iso- 
flurane is 0,38 —approximately 3.5 SD low. 
Similarly, the ratio of ED;, for loss of right- 
ing reflex in mice to MAC in man is 1.50 + 
0.32 for 7 agents (excluding isoflurane), 
whereas this ratio for isoflurane is 0.5— 
approximately 3 SD low. 


The divergence of the mouse isoflurane 
ED;, from the corresponding MAC in dog 
and man suggests a dissimilarity in the 
characteristics of the mouse anesthetic site 
of action compared to the characteristics in 
man or dog. Furthermore, the divergence 
of the isoflurane mouse ED,, from the pre- 
dictions of the Meyer-Overton hypothesis 
suggests that the solvent or other physical 
characteristics of the site of acticn in mice 
are not well mimicked by olive cil. 


The situation is complicated by the fact 
that the righting reflex (although reproduc- 
ible and easy to evaluate) is a complex 
response consisting only in part of a pos- 
tural effect. To test whether isoflurane had 
an unusual specific effect on the righting 
reflex, we also determined the anesthetic 
potency, using the abolition of movement 
in response to a painful stimulus (tail 
clamp). This endpoint is not clear-cut and 


is very difficult to work with in mice, since 
a deep breath (which does not count as a 
movement in other species) causes the whole 
mouse to move, and is difficult to differen- 
tiate from a deep breath accompanied by 
movement of an extremity. As expected, the 
ED;, for this endpoint (~1 ATA) for 30 
mice is higher than the righting reflex ED. 
(the standard ED,, for studies in mice). 
This tail clamp ED;, was, however, defin- 
itely lower than MAC in man, although it 
would be expected to be much higher. 


This study demonstrates that the pres- 
sure-reversal phenomenon is quantitatively 
similar for both isoflurane and N.O, suggest- 
ing that they may both act in the same 
manner at a molecular level in causing an- 
esthesia. However, the complications of the 
detailed results at low pressure imply that 
the overall mechanisms of general anes- 
thesia in mice differ between the 2 agents 
in a manner which is not yet understood. 
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MYOCARDIAL ISCHEMIA. Angina pectoris is usually accompanied by ST segment 
depression or T wave inversion. However, in patients wita pre-existent T wave inver- 
sion the T waves may return to the apright position during the ischemic episode so 
the electrocardiogram (ECG) appears more normal during chest pain. In addition, 
ST segment depression may be recorced in leads reciprozal to the area of ischemia. 
The resultant ECG may obscure the recognition of ischemie heart disease or indicate 
ischemia in an area of the heart distant from the actual ischemic region. The authors 
describe 38 patients who manifested T wave normalization in association with angina 
pectoris while at rest or during treadmill exercise or isoproterenol infusion. Therefore, 
a normal or less abnormal ECG during chest pain may reoresent ischemia imposed on 
a previous area of injury. (Noble RJ, Rothbaum DA, Kneebel SB et al: Normalization 
of abnormal T waves in ischemia. Arck Intern Med 136:351-395, 1976) 
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Changing Renal Blood Flow Following Sodium Nitroprusside 
in Patients Undergoing Nephrolithotomy 


ALEXANDER A. BIRCH, MD* 
WILLIAM H. BOYCE, MDT 


Winston-Salem, 


During nephrolithotomy in 23 aduit patients 
under sodium thiopental-N,O-O.-fentanyl anes- 
thesia, renal blood flow to one kidney was stud- 
ied. Muscle relaxation was obtained with pan- 
curonium, and renal blood flow (RBF) was 
measured with an electromagnetic dow probe. 
Percutaneous arterial pressures were also re- 
corded. Administration of sodium nitroprus- 
side caused a decrease in RBF in all patients 
when mean arterial pressure (MAP) was re- 
duced approximately 44 percent below baseline. 
Patients whose initial RBF was below 300 


IN errrouiraoromies are common at our 
institution and offer a unique oppor- 
tunity to record and observe renal blood 
flow (RBF) under a variety of drug ther- 
apies. This paper reports the results of a 
study of the effects of sodium nitroprusside 
(NPR) infusion on renal blood fiow during 
anesthesia and surgery. The protocol was 
previewed and approved by the Medical 
Centers Committee on Clinical Research 
Practices. 


METHOD AND MATERIALS 


Twenty-three adult patients (ages 19 to 
68) were studied following personal consul- 
tation and written informed consent. Ade- 
quacy of ulnar flow was determined by a 
modified Allen's test! and the patients were 
premedicated with diazepam (10 mg) and 


* Associate Professor, Department of Anesthesia. 


t Professor, Department of Urology. 


North Carolinat : 


ml/min showed greater falls in RBF with 
hypotension. Changes in renal vascular resist- 
ance (MAP/RBF) was found to be markedly 
higher in the “low-flow” group. As expected, 
the low-flow group started with a higher renal 
vascular resistance. 

From these observations, it is felt that more 
concern should be exercised when planning 
deliberate hypotension with nitroprusside, es- 
pecially in patients with decreased renal func- 
tion, 


atropine (0.4 mg) IM, 1 hour before anes- 
thesia. In the operating room, arterial pres- 
sure was continuously recorded by a percu- 
taneous arterial line placed in the radial 
artery. Output from the radial artery was 
transmitted to a Statham P23 AC pressure 
transducer§ previously calibrated against a 
mercury manometer. Signals from the trans- 
ducer were displayed on a Grass Model 7 
Polygraph.| Temperature and ECG were 
also monitored. 


Patients were anesthetized with sodium 
thiopental, fentanyl, N,O, and O., and in- 
tubation was aided by either succinylcho- 
line or pancuronium bromide. Pancuronium 
was used for maintenance of relaxation, in 





3Statham Instruments, Oxnard, California. 
‘Grass Instruments, Quincy, Massachusetts. 


iNorth Carolina Baptist Hospital; Bowman Gray School of Medicine of Wake Forest University, Winston- 


Salem, North Carolina 27103. 


Read at the 50th Congress of the Intemational Anesthesia Research Society, March 14-18, 1976, Phoenix, 


Arizona. 
Paper received: 1/9/76 
Accepted for publication: 6/22/76 


Renal Blood Flow... Birch and Boyce 


103 





Fig 1. Multiple-size electromagnetic flow probes and special clemps. The probe has no handle and 
is placed around the renal artery with a special tool. Variations in size help obtain a snug fit. 


addition to small doses of fentanyl (0.65 to 
0.2 mg total) to smooth out the course of 
the inhalant agent prior to the flow studies. 
Following induction, patients were placed in 
the lateral flexed position, padded, and se- 
cured. 


After surgical exposure of the kidney, a 
calibrated electromagnetic flow probe of 
special design was placed around the renal 
ariery* (fig 1). Mean RBF was recorded 
on the Grass Polygraph. Maximum blood 
loss at this point was less than 200 ml and 
was replaced with lactated Ringer's solution. 
Anesthetic depth appeared stable, without 
wide fluctuations of blood pressure or pulse. 
The investigative period lasted 25 to 30 
minutes, and no additional anesthetic agents 
were given during this time. 


Following 3 to 5 minutes of baseline 
blood-flow and arterial pressure recordings, 
NPR was given as a dilute solution :100 
meg/ml) until the mean arterial pressure 
(MAP) was approximately 44 percent of 
baseline. Once this degree of hypotension 
had occurred, the drip was stopped anc the 
pressure allowed to return to baseline. 


Patients with 2 renal arteries were dropped 
from the study and it appeared that the 
same level of surgical manipulation was 
used to expose the renal artery and place a 
flow probe around it. We arbitrarily divided 
the patients into 2 groups, depending on 
their baseline RBF measurements. Group I, 
patients whose initial RBF was 300 ml or 
more, was classified as the “adequate fow” 





*Carolina Medical Electronics, King, North Caro- 
lina. 


group. Grcup II patients had an initial 
RBF of less than 300 ml/min and were con- 
sidered as 'low flow" patients. 


RESULTS 


In the 23 subjects, the MAP fell 44 per- 
cent anc the mean RBF fell 47 percent from 
baseline during hypotension (fig 2, table 1). 


When the total patients were divided into 
2 groups, the following changes during NPR 
infusion we-e seen: 
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Fic 2. Zffects of NPR on RBF and MAP in the 
total number »f patients. 
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TABLE 1] 


Summary of Total Data With the Breakdown of RBF and MAP 
Before and After Nitroprusside Infusion 
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23 patients Mean 298 158 323 105 59 106 
SEM 33 29 36.5 4.6 3.9 4.8 

Adequate-flow group 

10 patients Mean 448 267 485 113 66 113 
SEM 39.8 44.6 41.7 1.6 6.3 8.2 

Low-flow group . 
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Fic 3. Effects of NPR on RBF in adequate-flow 
group. 


1. Adequate-flow group: MAP fell 42 
percent and RBF fell 40 percent (fig 3). 


2. Low-flow group: MAP fell 44 percent 
and RBF fell 60 percent (fig 4). 


Additionally, in the low-flow group, 1 pa- 
tient’s RBF fell nearly to zero, with severe 
hypotension (70/40 torr). However, the 
baseline flow for this patient was only 107 
ml/min. Examples of representative records 
from both groups are shown in figures 5 
and 6. 


'The occurrence of initial autoregulation 
of blood flow (fig 7) was variable according 
to anesthetic used. Most patients did not 


Fic 4. Effects of NPR on RBF in low-flow group. 


show autoregulation even when systolic pres- 
sure was above 80 torr (fig 8). Calculations 
of renal vascular resistance are shown in 
tables 2 and 3 and plotted in figures 9 and 
10. 


Blood gases taken before the study showed 
a mild hyperventilation, with an average 
Paco, of about 32 torr. The Pao, averaged 
126 torr, with the lowest value of 81 torr. 
The pHa averaged 7.45. 


Statistical Analysis.—Reliance on percent 
change from baseline of flow and pressure 
can be erroneous, especially if the absolute 
values of MAP were not the same in both 
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Fig 5. Polygraph recording of adequate-flow kidney responciag to NPR-induced hypotension. 





Fic 6. Polygraph record of low-flow response to NPR-induced hypotension. 


groups during the hypotensive period. We 
therefore examined the data in several ways. 
First, were the changes in RBF significant 
in all groups when compared to baseline 
measurements? Second, were the differences 
between the low-flow and the adequate-flow 
groups real? 


Overall, when comparing the changes in 
fiow from baseline, a 2-tailed t-test revealed 
a value of 8.16, p<0.001, for the change dur- 
ing NPR infusion. 


When eomparing the percent change in 
RBF in the 2 groups, a 1-tailed t-test = 2.46, 
p«0.025. Such probability indicates that 
the decrease in RBF in the low-flow group 
was significantly greater than the decrease 
in the other group. 


To answer the second question, the abso- 
lute values of MAP must be considered, as 
the lowest levels of MAP were different in 
the 2 zroups. Here, the changes between 
the 2 greups in renal vascular resistance 
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Drip Off 


Fic 7. Tracing showing period of initial autoregulation of RBF with ensuing hypotension in a marginal- 


flow kidney. 


TABLE 2 
Calculations of Renal Vascular Resistance 
in Adequate-Flow Group With 
Nitroprusside 





1 0.479 0.476 0.432 
2 0.127 0.134 0.132 
3 0.282 0.387 0.156 
4 0.267 0.192 0.247 
5 0.286 0.290 0.354 
6 0.314 0.373 0.206 
7 0.235 0.112 0.206 
8 0.284 0.35 0.260 
9 0.211 0.291 0.272 
10 0.221 0.267 0.209 
Mean 0.271 0.287 0.247 
SEM 0.029 0.037 0.028 





(MAP/RBF) after NPR were found signifi- 
cant at the 0.025 level (t = 2.28). 


DISCUSSION 
The feasibility of measuring RBF by 
means of an electromagnetic flow probe was 
demonstrated by Freezor and Boyce? in 
1965. New, improved flow probes have now 
made possible rapid, accurate reproducible 
blood-flow determinations. 


When considering the overall effects of 
NPR, we noted a fall in both the blood pres- 
sure and RBF of all patients. In the low- 


TABLE 3 
Calculations of Renal Vascular Resistance 
in Low-Flow Groups With 
Nitroprusside 





1 0.682 1.85 0.746 
2 0.474 0.490 0.264 
3 0.346 1.27 0.336 

4 0.991 21.2 1.15 

5 0.82 1.0 0.75 
6 0.616 2.5 0.469 
7 0.46 0.624 0.465 
8 0.475 0.562 0.500 
9 0.774 0.742 0.745 
10 0.431 0.783 0.396 
11 0.75 0.65 0.656 
12 0.464 0.459 0.636 
13 0.341 0.428 0.365 
Mean 0,586 2.50 0.575 
SEM 0.056 1.56 0.066 





flow group, the fall in RBF was most severe 
(6095) as compared to a 40 percent drop in 
the higher-flow group. As noted above, the 
RBF of 1 patient fell almost to zero during 
severe hypotension. 


Several factors may effect the results 
seen. First, the table position during the 
measurements may have reduced cardiac 
output, and the addition of hypotension 
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Fic 8. Tracing showing lack of autoregulation even with blood pressure 780 torr during deliberate hypo- 


tension. 


a DN 


u .400 
Q 
& 


MAP 


Nitroprusside 


-300 


.eO00 





Base Hypo- Base 
tension 


ADEQUATE FLOW GROUP 


Renal Vascular Resistance L 


Fig 9. Changes in renal vascular resistance in 
adequate-flow groups with NPR infusion. 


could have contributed to the marked fall 
in RBF. Further studies with varying table 
positions are now under way. Also, the 
abrupt fall in blood pressure may not have 
aliowed enough time for kidney autoregula- 
tion in most patients. 


Finally, one might suspect that with such 
a degree of hypotension, flow to all organs 
would be reduced. This could be significant 
during other surgical procedures. ''he MAP 
of 40 torr used here is the pressure level 
advocated by some neurosurgeons for repair 


of cerebral aneurysms.? We have used an 
MAP of 40 torr at our institution for the 
past 3 to 4 years when repairing cerebral 
aneurysms and have not seen any cases of 
acute tubular necrosis postoperatively. Per- 
haps the mannitol given before hypotension 
has some protecting influence, as it does 
when the renal artery is clamped for several 
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Fic 10. Changes in renal vascular resistance in 
low-flow groups with NPR infusion. 
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hours during nephrolithotomies. The inci- 
dence of acute tubular necrosis in patients 
having radical neck surgery with deliberate 
hypotension without mannitol pretreatment 
is unknown. 


In any case, we feel that more concern 
should be exercised when planning deliber- 
ate hypotension with NPR, especially in pa- 
tients with decreased renal function. 
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Guest Discussion 


JOHN D. HARRIES, M.D. 
Associate Dean 
Eastern Virginia Medical School 
Norfolk, Virginia 


It is well established that the kidney has 
an independent mechanism to maintain 
renal blood flow (RBF) despite changes in 
mean arterial perfusion pressure. This phe- 
nomenon can be demonstrated in the de. 
nervated kidney preparation and in kidneys 
which have been isolated from the circula- 
tion and perfused artificially. In the absence 
of extrinsic influences, the kidney can auto- 
regulate RBF at mean arterial pressures 
from 80 torr to 180 torr. What is not as well 
understood or agreed upon is the effect of 
anesthetic agents on this process. 


Hothe's group! elegantly demonstrated 
that autoregulation is, in fact, present in the 
anesthetized state. Their work demonstrated 
the effect of sudden changes in perfusion 
pressure on RBF in anesthetized dogs. The 
renal artery pressure was held constant at 
100 torr, the aortic pressure was raised or 
lowered, and the kidney was then suddenly 
exposed to that altered aortic pressure. The 
values of maximal flow on suddenly increas- 
ing the perfusion pressure, and the values 
of minimal flow on decreasing the pressure, 
were nearly linearly related to the perfusion 
pressure. This total loss of autoregulation 
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lasted for about 4 seconds-—full recovery of 
the homeostatic mechanism took approxi- 
mately 60 seconds. It is not surprising that 
Birch and Boyce had difficulty in demon- 
strating autoregulation since in most of 
their cases the mean arterial pressure was 
lowered very rapidly to levels at which it 
could not be expected to occur. 


As the authors point out, many of the pa- 
tients were unable to maintain an adequate 
RBF even prior to the administration of 
sodium nitroprusside (NPR). The authors 
chose to separate their data into two groups 
because of this unexpected observation. Did 
the “low flow” group of patients result from 
preoperative dehydration? Did they have 
pre-existing renal disease other than renal 
calculi? What was the preoperative blood 
pressure in the two groups? Kaneko and 
associates? demonstrated a striking differ- 
ence in the renal response to a reduction 
in blood pressure between patients with re- 
novascular hypertension and normotensive 
subjects. Also of interest is whether the pa- 
tients in the “adequate flow” and “low flow” 
groups were of comparable ages since it is 
known that the RBF may be reduced by 
one-half in the aged. Considering the size 
of this study, I would suggest that reporting 
all the data for individual experiments, in- 
cluding pre- and postoperative renal func- 
tion studies, would have been practical and 
useful. 


The objective of this study was to deter- 
mine whether NPR might have some desir- 
able action on the renal resistance vessels 
to protect the kidney against the effects of 
moderate systemic hypotension. The authors 
have shown that, for the patients as a whole, 
NPR did not augment flow to the kidneys— 
indeed, they emphasize the observation that 
patients with markedly reduced RBF (for 
whatever reason) prior to infusion experi- 
ence an even greater proportional deteriora- 
tion of the renal circulation with this agent. 
This supports the findings of Bastron and 
Kaloyanides? who demonstrated NPR to 
have a potent peripheral vasodilating action 
but only a weak effect on the renal vascular 
bed. 


At least one aspect of the anesthetic tech- 
nic can be incriminated in the outcome of 
this study. Stinson and coworkers! have 
demonstrated that atropine inhibits auto- 
regulation at the lower range of arterial 
pressure in the unanesthetized dog. Of the 
other agents employed, Leighton and col- 
leagues? have shown that pancuronium has 
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little effect on RBF. Similar studies employ- 
ing N.O and fentanyl are lacking. 


I found this paper both interesting and 
useful. While I would not condone continu- 
ation of a project in which patients are ex- 
posed to such precarious alterations in the 
renal circulation, this study does reveal an 
unpredictable and potentially serious side 
effect of a commonly employed clinical tech- 
nic. Drs. Birch and Boyce have developed 
a useful model for the investigation of three 
very important clinical issues: 


1. What steps can be taken preoperatwely 
to ameliorate the effects of general anesthe- 
sia on the renal circulation? 


2. What anesthetic agent (or combina- 
tion) will least affect autoregulation of 
RBF? Only small decreases in arterial pres- 
sure are required to test for the presence of 
autoregulation and time should be allcwed 
for the process to be complete. 
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3. If the aypotensive technic is indicated, 
what preoperative preparation and choice of 
agents are tae most efficacious? 
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HEMOPHILIA. The operative management of hemophiliac patients has been facili- 
tated by the use of eryoprecipitate and factor VIII concentrates. Fresh frozen plasma 
does not contain enough factor VIII to provide normal hemostasis for major operations. 
The infusion of large amounts of fibrinogen-rich cryoprecivitate may produce paradoxical 
clotting abnormalities. A level of 30 percent factor VIII ectivity is necessary to produce 
a normal partial thromboplastin time but higher levels may be necessary in the actively 
bleeding hemophiliae because of rapkl physiologic utilizztion in hemostasis. Therefore, 
it is advisable to increase factor VIII to 100 percent ef normal activity during the 
operative procedure and maintain a minimum of 40 perzent until complete healing is 
achieved. In considering a hemophiliac for any major operation the presence of inhibi- 
tors should be determined since larger doses of concentrate will be needed to achieve 
hemostasis in these patients. Applying these principles, the authors describe a successful 
suprapubic prostatectomy in an 85-year-old hemophiiae. (Wylin R, Schneider J: Pros- 
tatectomy in an 85-year-old hemophiliac. Arch Surg i13¥:318-821, 1976) 
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The clinical effectiveness and safety of com- 
pounded mixtures of lidocaine + bupivacaine 
and chloroprocaine + bupivacaine for either epi- 
dural or brachial-plexus block was studied in 


HE success of regional anesthesia de- 

pends not only on meticulous technic 
but also on preventing local-anesthetic side 
effects. The potential toxicity of these drugs 
is influenced by such factors as systemic 
absorption, distribution, metabolism, and 
excretion. Symptoms of toxicity appear 
when a toxic concentration of the drug is 
present in the blood stream. Toxicity blood 
levels differ for the same drug in different 
individuals. Potentiation may occur if the 
physical status of the patient worsens, the 
rate of injection is tco fast, or the tempera- 
ture or strength of the drug is increased. 


Many groups have reported compounding 
local anesthetic mixtures to improve onset 
time and to prolong duration of the block.!? 
The object of the present study was to eval- 
uate the effect on blood levels of compound- 
ing 2 local anesthetic mixtures, lidocaine 4 
bupivacaine (L + B) and chloroprocaine + 
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48 adult patients. Of the several alternatives, 
chloroprocaine + bupivacaine with epinephrine 
was found the best choice for patients with 
typical plasma cholinesterase. 


bupivacaine (C + B), and to measure the 
effect of epinephrine (EPI) in such mix- 
tures. 


MATERIAL AND METHODS 


Subjects were 48 ASA class I-III patients 
between the ages of 18 to 70 years sched- 
uled for operation by either epidural or 
brachial plexus block. Patients were divided 
into 2 equal groups, group I being given a 
mixture of L + B, with or without EPI, 
while group II received C-B, with or with- 
out EPI (table). 


TECHNIC 


After informed consent was obtained, pa- 
tents were premedicated either with diaze- 
pam or Innovar. Intravenous cannula was 
established in a suitable vein and vital or- 
gans monitored. The contralateral radial 
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TABLE 
Composition of Study Groups 
Group |: Group II: 
Lidocaine + Chloroprocaine 
bupivacaine -+ bupivacaine 
Epidural 
Without epinephrine 6 8 
With epinephrine 8 T 
Brachial plexus 
Without epinephrine 5 4 
With epinephrine 5 5 
Total 24 24 


artery was cannulated with an 18 or 20- 
gauge extracath cannula to which extension 
pressure tubing was attached by a 3-way 
stopcock. Heparinized saline solution was 
periodically flushed through the assembly 
to keep the cannula patent. Initially, 10 ml 
of blood was withdrawn for plasma cholimes- 
terase determinations in a plain test tube. 
Another 15 ml of blood was withdrawn in 
a Vacutainer?^ containing 1 mgm of neostig- 
mine, shaken well, and stored under ice. 
This was ''0"-time sample for local anes- 
thetic determinations. In the L + B group, 
15 ml of blood was withdrawn at 5, 10, 15, 
20, 25, 30, 45, 60, and 90 minutes after the 
block was performed. In the C + B group, 
the same amount of blood was withdrawn at 
2. 4, 6, 8, 10, 12, 15, 20, 25, 30, 45, 60, and 
90 minutes after administration of the local 
anesthetic. Lumbar epidural was performed 
in a lateral position with a 19-gauge Tuohy 
needle, employing a loss-of-resistance tech- 
nic. Brachial plexus was generally per- 
formed by the infraclavicular approach? 
using a peripheral nerve stimulator.? Clin- 
ically, onset time for sympathetic, sensory, 
and motor block was noted for all blocks. 
Any untoward reactions were recorded and 
treated as necessary. 


BLOOD DETERMINATIONS 


Plasma was obtained from clotted blood 
by centrifugation and stored at 4? C. Plasma 
cholinesterase was determined by the meth- 
od of Kalow and Genest? and Raj and asso- 
ciates.7 Plasma from Vacutainers containing 
neostigmine was stored at 4? C. Chloropro- 
caine was measured within a few hours, by 
difference spectrophotometry in a Beckman 
25 dual-wavelength spectrophotometer at 
306 nanometers. Lidocaine and bupivacaine 
were measured by the method of Thomas* 
in a Perkin-Elmer 900 gas chromatograph. 
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RESULTS 


Epidural.—In all epidural groups, surgi- 
cal anes-hesia was complete within 25 min- 
utes. However, there was a trend to faster 
onset in miztures without EPI. 


The mean (+ SE) blood concentration 
for 15 ml o^ 2 percent lidocaine and 15 ml 
of 0.75 percent bupivacaine, measured up to 
90 minutes (fig 1A), shows lidocaine to 
have a fas:er uptake in the blood than 
bupivaceine peaking at 25 minutes at the 
level of 3.5 mcg/ml, while bupivacaine also 
peaks at the same time but at a level of 
1 mcg/ml. The T;, disposal rate of both 
was 90 minutes. 


When mixed with 2.5 mcg/ml of EPI, 
both drugs show kinetics similar to those in 
the mixture without EPI except that their 
peak corcertrations are significantly lower. 
Peak time and T;, disposal time remain the 
same (fiz 1B). 


Chlorcprecaine uptake (fig 2A) is faster 
than tha: of either lidocaine or bupivacaine, 
peaking at ~ minutes, ie 18 minutes earlier 
than bupivacaine and lidocaine. Peak con- 
centraticn of chloroprocaine is 8.5 mcg/ml, 
while that o£ bupivacaine is 1 mcg/ml. Dis- 
posal time (T;;)) for chloroprocaine is 8 
minutes compared to 90 minutes for bupiva- 
caine. 


Addition ef EPI to combinations of chlor- 
oprocain2 amd bupivacaine (fig 2B) showed 
no signif cart change in peak concentrations 
of chlorcprocaine from the mixture without 
EPI but peak concentration of bupivacaine 
was reducec by 50 percent. 


Brachial Plexus.—Surgical onset of anes- 
thesia was faster in this group than in the 
lumbar-epidiral group. There was a ten- 
dency fo~ faster onset in mixtures containing 
EPI. Peak levels, peak time, and Ty, dis- 
posal time ere similar to those in the lum- 
bar epidurab (fig 3A, 3B, 4A, 4B). 


Figures 54 and 5B show the blood con- 
centration of chloroprocaine and bupiva- 
caine in a patient with proven atypical plas- 
ma cholinesterase. Epidural and brachial 
plexus b ocks were complete in 10 minutes 
and lasted for 100 minutes. On both occa- 
sions the patient felt dizzy and showed a 
change in voice at 614 minutes, which per- 
sisted for 5 minutes. In figure 5A, two peaks 
appear, one at 4 minutes and the other at 
10 minuces. T., disposal time was 12 min- 
utes, bu: tben the rate slowed, such that 
the 2nd T., disposal time was 70 minutes. 
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Fic 1. A. Arterial plasma concentration of Xylocaine (lidocaine) and Marcaine (bupivacaine) com- 
pounded (30 ml) and injected into the epidural space. B. Arterial plasma concentration of Xylocaine (lido- 
caine) and Marcaine (bupivacaine) with EPI compounded (30 ml) and injected into the epidural space. 


Figure 5B shows a similar pattern except DISCUSSION 

that there is only 1 peak at 6 minutes; T, Local anesthetics have been combined for 
disposal time is approximately 60 minutes. many years,? in the hope of obtaining more 
Bupivacaine dynamics remain similar to rapid onset and longer duration of effect. If 
those seen in other groups. a single agent is used, for instance lidocaine, 
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Fic 2. A. Arterial plasma concentration of Nesacaine (chloropzocame) and Marcaine (bupivacaine) com- 
pounded (30 ml) and injected into the epidural space. B. Arterial plasma concentration of Nesacaine 
(chloroprocaine) and Marcaine (bupivacaine) with EPI compounded (30 ml) and injected into the epi- 
dural space. 


for brachial plexus block, 40 ml of the agent Mixtures permit the use of high concen- 
is required to consistently produce good re- trations in lesser volumes to get a good sur- 
3 sults. Because of this large volume, the con- gical block. The quicker-acting agent be- 
i centration must be reduced from 2 percent, haves as if it is alone and blocks the nerve 
the concentration necessary for a satisfac- it comes in contact with, at its own onset 
tory motor block. time. The slower-acting agent also acts in- 


114 


ANESTHESIA AND ANALGESIA... Current Researches Vor. 56, No. 1, JAN.-FEB., 1977 


BRACHIAL PLEXUS 


2X xylocaine X— —X (20 mis = 400 mgms} 
0.753 marcaine 4———9- (20 mls = 150 mams} 


45 : 


ARTERIAL PLASMA CONCENTRATION 
(micro gm/m1) 
^2 
u^ 


0.5 


0.0 


GRO 10.0 20.0 30.0 40.0 50.0 60.0 ?0.0 80.0 30.0 


5.0 BRACHIAL PLEXUS 


2% xylocaine Meem (20 mis = 400 moms} 
4.5 0.75% Marca ine deae (20 mis = 150 mgms) 
2,5 micro qms epinepherine 


ARTERIAL PLASMA CONCENTRATION 
(micro gm/ml) 
Te 
un 


0 18. 20.0 30.0 40.0 


B. 


70.0 80.0 90.0 


MINUTES 


Fic 3. A. Arterial plasma concentration of Xylocaine (lidocaine) and Marcaine (bupivacaine) com- 
pounded (40 mD and injected into the brachial plexus. B. Arterial plasma concentration of Xylocaine (lido- 
caine) and Marcaine (bupivacaine) with EPI compounded (40 ml) and injected into the brachial plexus. 


dependently of the other and produces a 
block for the same duration as it would have 
done alone. Blood concentration of each 
agent, however, is reduced because the total 
mg/ml levels are reduced. Clinically, the 
safety of the technic has been well proven 


in man, even though there seemed some po- 
tentiation in rats.!? Moore! expressed doubts 
that the results in animals can be extra- 
polated to humans because of different meta- 
bolic rates, a conclusion with which we tend 
io agree. 
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Fic 4. A. Arterial plasma concentration ef Nesacaine (chlorcprocaine) and Marcaine (bupivacaine) 
compounded (40 ml? and injected into the brachial plexus. E. Awterial plasma concentration of Nesa- 
caine (chloroprocaine) and Marcaine (bupivacaine) with EPI eompounded (40 ml) and injected into the 


brachial plexus. 


Previously it had been difficult to meas- 
ure chloroprocaine in vivo, due to its hydrol- 
ysis by the plasma cholinesterase. The in- 
hibitors tried before were not strong enough 
to completely stop the enzyme activity. By 


obtaining over 99 percent inhibition of plas- 
ma concemtration with 70 mcg/ml of neo- 
stigmine, ve were able to measure in-vivo 
concentrafion. Difference spectrophotometry 
was simpler than gas chromatography and 
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PATIENT WITH ATYPICAL PLASMA CHOLINESTERASE 
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Fic 5. A. Arterial plasma concentration of Nesacaine (chloroprocaine) and Marcaine (bupivacaine) 
in a patient with atypical plasma cholinesterase; epidural, 30 ml. B. Arterial plasma concentration of 
Nesacaine (chloroprocaine) and Marcaine (bupivacaine) in a patient with atypical plasma cholinesterase; 


brachial plexus, 40 ml. 


very fast. The standard curves were linear 
and reproducible in saline, plasma, and 
blood. 

The earlier peaking and disposal of chlor- 
oprocaine is presumed due to its faster 


metabolism, being hydrolyzed in plasma; 
however, other factors come into play in 
uptake as well as in disposition. These are 
its inherent vasoactive properties, protein 
binding, lipid solubility, tissue affinity, 


T 
teng. 
x- 
cR 
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blood flow, etc. The curves seem to be a 
composite of all these factors, with one 
becoming predominant in the kinetic curve. 
Possibly the higher hydrolyzation rate of 
chloroprocaine is a factor in its more rapid 
metabolism. 


If we were to choose the better of the 2 
combinations of local anesthetics for fast 
onset, prolonged duration, and reduced tox- 
icity in regional block, we would choose 
chloroprocaine and bupivacaine with EPI. 
The clinical onset of this mixture is fast 
and satisfactory, and the former peaks and 
is disposed of before the latter peaks in the 
blood. A disadvantage of this mixture Is 
that these kinetics do not apply in patients 
with atypical plasma cholinesterase (fig 5). 
However, we found the duration of block 
did not last longer than that in patients with 
normal plasma cholinesterase. The L + B 
patients also showed good clinical results. 
However, in this group of patients there was 
a tendency to sleep more, and 2 patients 
had mild symptoms of toxicity (dizziness, 
warmth, tinnitus, and tachycardia). 


Further investigation on therapeutie ra- 
tios of compounded local-anesthetic mix- 
tures with and without epinephrine, is 
needed. 
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DIAPHRAGM PACING. The clinical experience in £7 quadriplegic patients ventilated 
by electrical stimulation of the phrenic nerves was reviewed. Full-time diaphragm 
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duration of total support was 26 monzhs. There were 2 deaths in this group not related 
to pacing. Fourteen patients could not be adequately paced and 8 died. Injury to one 
or both phrenic nerves was the major cause of pacing failure. Nerve damage from 
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(ase History Number 94: 


The Treatment of Chronic Pain: A Multi-Faceted 





Approach 


WILLIAM HAMMONDS, MD* 


HE patient is a 41-year-old woman whose 

problems with chronic pain began in 
1967, when she had a relatively minor fall 
at work which caused her to start having 
back pain. She had no treatment for the 
pain at first, but because of its persistence 
she sought medical help and underwent a 
left lumbar laminectomy, which gave her 
several months of partial pain relief. How- 
ever, after several months, the pain recurred 
fully as intense as it had been before the 
laminectomy. 


In 1968, she had a second left lumbar 
laminectomy. After this operation, she de- 
scribed the pain as much worse; therefore, 
in that same year, she had a left rhizotomy. 
This also produced no improvement. 


The patient was given increasing numbers 
of narcotic analgesic tablets, primarily Per- 
codan® (oxycodone mixture) and codeine, 
for control of her pain. By this time the pain 
was more severe in the left side of her lower 
back and in the posterior left thigh. She had 
continued to work despite her pain and fre- 
quent hospitalizations, but at this point, be- 
cause of increasing pain and rapidly escalat- 
ing narcotic needs, she was no longer able 
to continue her job. These factors were in- 
strumental in the decision to perform a 
cordotomy. 


In 1970, following a right cordotomy at 
T2-3 level, she had approximately 7 months 
of diminished pain and her narcotic use de- 
creased. Early in 1971, pain began to re- 
turn; she soon had not only a recurrence of 
pain in the left low back and posterior left 
thigh but a new component of pain, involv- 
ing intense burning over the lower left quad- 
rant of her body, including the left leg. In 
1972, because of increasing pain, she had an 
exploration of her lumbar spine and ‘re- 


moval of scar tissue." The patient noted no 
change in her pain after this operation. 


In 1973, the patient underwent psychiat- 
ric evaluation; the final impression was ad- 
justment reaction of adult life with depres- 
sion and drug addiction. It was during this 
time that she was taken off of injectable 
meperidine and changed to oral Percodan 
for pain control. 


Between 1973 and early 1974, she was 
seen several times on referral by the anes- 
thesiology department of a large teaching 
hospital and was treated with lumbar sym- 
pathetic blocks, which were given on a 
"come-by-when-you-hurt" basis. Each block 
resulted in a pain-free interval of 2 to 6 
hours but gave no improvement in the pa- 
tient’s overall emotional state or any de- 
crease in her drug intake. These blocks soon 
had to be discontinued, due to her frequent 
request for this treatment. She sometimes 
came for a block 3 times in the same day. 


At the time the patient was referred to 
the Emory University Pain Clinic, she com- 
plained of 2 pains, a deep, aching pain in 
her low back, worse on the left, and an 
intense burning pain in the left lateral and 
posterior hip and thigh. She had not worked 
in 3 years and was receiving total disability 
payments from Social Security. She devel- 
oped decreased sensation to pinprick on the 
left, below T-7 dermatome, and absent ankle- 
jerk on the left. There was weakness of the 
muscles necessary to extend the left leg at 
the hip and knee, with loss of ability to dorsi- 
flex the left foot. Her hips and thighs had 
numerous needle marks and small abscesses 
from self-administration of medicine. She 
had areas of ecchymosis on the right arm 
from falling while heavily narcotized. Her 
level of activities was very low, spending all 
of her time in bed, and leaving only to visit 
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Comment 
RONALD W. DUNBAR, MD 


The case presented by Dr. Hammonds and discussed by Drs. Brena and 
Brechner points out a type of case that anesthesiologists are starting to see more 
frequently. This case is representative of the management problems of one type 
of patient with a severe chronic and debilitating pain oroblem. As anesthesiologists 


become more involved in the manageme 


nt of patients with pain, this type of case 


is increasingly going to be referred to our care. 


The purpose of this report is to help give anesthesiologists an insight into the 
multiple facets of pain control. This has long been a severely neglected area of 
medicine, and the increasing demand for pain con:rol is demonstrated by the 
increasing number of pain contro: centers throughoat the country. 


Many kinds of pain can be successfully treated with a series of blocks, but there 
are some patients, as the case here illustrates, with chronic pain who require an 
extensive evaluation and planned program of therapy. The multiple problems 


presented by this patient point out the va 


one of the many doctors who were currently 
treating her. She was taking approximately 
100 Percodan tablets per week and inject- 
able pentazocine, self-administered at the 
rate of one 10-ml vial per week. 


The patient was admitted to the hospital 
and placed on an equipotent dose of metha- 
done dissolved in an inert liquid vehicle, 
administered on a schedule of every 6 hours, 
whether or not the patient asked for anal- 
gesics. The methadone dosage was gradu- 
ally reduced, although the volume of liquid 
was kept constant; the patient was not in- 
formed that she was taking less narcotic. 
When the patient was completely off metha- 
done and taking only inert agent, she was 
discharged from the hospital and started 
on a series of 6 lumbar sympathetic blocks 
given once each week as an outpatient, The 
blocks were structured into a program of 
increasing activity in such a way that the 
patient had to fulfill a certain daily activity 
assignment in order to receive her next lum- 
bar sympathetic nerve block. Over the 6 
weeks of initial treatment, the patient tried 
many times to revert to her traditional way 
of dealing with physicians, manipulating 
them by her pain behavior in order to ob- 
tain prescriptions for narcotics; however, 
she was given no medicines during this pe- 
riod other than propoxyphene HC] with as- 
pirin and amitriptyline, 25 mg QID. 


Her life style changed dramatically over 
a relatively short period of time. She 
changed from near invalidism and drug ad- 
diction to an active person who functioned 
as a housewife and returned to work, first 


lue of a well-managed pain control center. 





in a part-time capacity and subsequently 
full time. After the first 6 lumbar sympa- 
thetic nerv2 blocks, the regimen was changed 
to once monthly at an office appointment. 


More than 214 years have now passed and 
this patient continues to do well. She works 
full time and her successful performance at 
work is attested to by a promotion to a more 
responsible position and salary increases. 
Her pain behavior has escalated twice, at 
times of emotional stress. The first was dur- 
ing her divorce and the second when her 
child developed a serious illness. Despite 
these stresses, she takes no medicines now 
other than amitriptyline and acetaminophen. 
She has been maintained on a lumbar sym- 
pathetic block with 20 ml of 0.25 percent 
bupivacaire and 1:250,000 epinephrine ev- 
ery 3 to 4 weeks. Her continued receipt of 
the blocks is contingent upon her continued 
high level of activities and remaining off 
narcotic medication. 


Discussion 


STEVEN F. BRENA, MD 
Director, Pain Control Center 
Emory University School of Medicine 
Atlanta, Georgia 


The case presented by Dr. Hammonds 
illustrates the mammoth dimensions of 
chronie pain and the pitfalls of any therapy 
designed to “cut pain off” or “drug it out” 
of the bocy. 


I will Giscuss this case from 2 different 
points of view in an attempt to demonstrate 
the intriezcies of the pain experience both 
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as a behavioral and a neurophysiologic phe- 
nomenon. In my opinion, no chronic pain 
problem can be properly understood and 
correctly controlled unless both aspects are 
assessed and dealt with. 


1. "Learned Pain."—'There is a wealthy 
body of evidence today to demonstrate that 
pain responses—or behaviors—are learned. 
During the early stages of the learning pro- 
cess, unconditioned, pathologic stimuli (in- 
jury, surgery, organic disease) are paired to 
conditioned, ecologic stimuli, such as medi- 
cal attention, time off from family pressures, 
excused absence from responsibilities, etc 
(fig 1). After successive “pairings,” pain re- 
sponses are learned through stimulus sub- 
stitution in a manner similar to the way in 
which Pavlov produced salivation in dogs 
at the sound of a bell. 


"Operant" conditioning occurs at later 
stages of the learning experience. For exam- 
ple, a chronic pain patient is scheduled for 
a series of medical examinations in a multi- 
disciplinary health-care environment for 
management of chronic pain. Each examina- 
tion cues some conditioned pain responses; 
this experience paired to “pathologic” dis- 
comfort elicited by various medical maneu- 
vers during the multidisciplinary diagnostic 
process justifies additional pain complaints. 
The complaints elicit increased attention 
from the medical and social environments, 
prohibitions regarding work, etc. The desire 
for these "benefits" becomes an “operant” 
stimulus in its own right (fig 2). 


When this vicious circle progresses to the 
point of financial benefits and of habit-form- 
ing drug medication, learned pain states are 
strengthened substantially, because money 
and drugs are the most common and ac- 
cepted tokens used by our society to manip- 
ulate behaviors and influence interpersonal 
relationships.? 


Dr. Hammonds' patient did not respond 
with prolonged relief of pain, nor with in- 
creased functional performance when she 
was given nerve blocks on a PRN basis, but 
she dramatically improved her levels of 
daily activities (UPTIME measurement) i 
with corresponding decrease in pain com- 
plaints, when the same nerve blocks were 
structured into contingency management, 
applying the principles of operant condi- 
tioning. 

To understand contingency management 
as applied to block therapy, figure 2 may 
be modified as shown in figure 3. Because 
the commonest of “operants” is medical at- 
tention (in our case paired to nerve blocks) 
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Pathological (unconditioned stimulus) ——--» Pain 
Ecological (conditioned stimulus) — ^ 7 
Further conditioned stimuli — —————  » Pain 


Increased awareness of self 

Hypersensitivity to body clues 

persons, objects, events in the 

environment 

Fic. 1. "Learned Pain" Model—Stage I. 

Classical Conditioning: After successive "pairings" 
between pathological and environmental stimuli, 
pain responses are "learned" through stimulus gen- 
eralization, in a "classical" Pavlovian setting. 


| 


(0) <-> (RI) (Health Behavior) ——» No "Benefits" 
S (R2) (Sick Behavior! ——» Benefits 


0-Operants 


Fia 2. “Learned Pain" Model—Stage II. 
Operant Conditioning: The "benefits" or “sec- 
ondary gains" from pain behavior reinforce "learned 
pain states." 'The operant stimulus (0) may produce 
a variety of responses (R,, R, etc), but only (R,) 
achieves the goal of “benefits” gratification: (R,)} 
responses therefore increase in frequency. 


(0) — —» (Rl) Health Behavior — —» No Treatment 
(UPTIME) 


(R2) Sick Behavior 
(DOWNTIME) 


Fic 3. P.R.N. Treatment of Chronic Pain. 
Attention and treatment are provided when pa- 
tient displays sick behavior. 


— —». Treatment 


(0) —— (R1) increased UPTIME — —» Treatment 
(Health Behavior) 


(R2) No UPTIME change ——3» No Treatment 
(Sick Behavior) 


O:Operants 


Fig 4. Contingency Management of Chronic Pain. 

Attention and treatment are made “contingent” 
upon health behavior, in terms of increased per- 
formance levels in structured programs of rehabili- 
tation. 


and related drug prescription, nerve blocks 
performed as a "reward" for sick behavior, 
with no change in UPTIME levels and med- 
ications, are likely to increase the frequency 
of (R.) responses. However, the order of 
"contingencies" can be shifted and nerve 
blocks may be made “contingent” upon in- 
creased UPTIME levels (health behavior) 
(fig 4). 


The "benefit" of medical attention, with 
proper "praise" for health and no-drug be- 
havior, is now attached to (R,). In conse- 
quence, (R,) responses will be strengthened 
and (R.) responses weakened.? Contingen- 
cy management, of course, is a model which 
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can be and actually should be applied to 
most of the therapeutic modalities for chron- 
ic pain. Why nerve blocks then and why 
sympathetic blocks in back pain? 


To answer these questions, a brief outline 
of current concepts on neurophysiologic 
mechanisms of pain is necessary. 


2. “Pattern Theories” of Pain: Is Pain a 
Pestsynaptic Perception? —Evidence grow- 
ing out of neurophysiologic research is point- 
ing to the fact that conditioning is likely to 
oceur also at the level of neuronal behavior. 
The concept of receptor specificity subserv- 
ing the sensation of pain is losing ground in 
favor of the “pattern theory." This theory 
maintains that pain is transduced by high 
threshold peripheral receptors with small 
fiber collaterals (C and A delta fibers). At 
present, C and A delta fibers are viewed as 
components in a “nociceptive” system, which 
is activated by thermal and mechanical stim- 
uli of tissue-damaging intensity.** Once 
some patterned neuronal activity in the 
brain has been evoked by signals from the 
periphery, dealing with tissue damage in- 
formation, such potentials are likely to be 
"engrammed" — to use the definition of 
Eccles?—and may recall a particular un- 
pleasant experience even in the absence of 
further nociceptive input. 


However, the pattern theory cannot give 
a full explanation of pain, when considered 
only as a form of primary “noxious” sen- 
sory input. Although the pain experience 
may be triggered by stimuli acting at the 
periphery, ultimately it is most likely to be 
a postsynaptic phenomenon, in the form of 
repetitive firing of individual cells or neuron 
networks, possibly in the region of layer 5 
at the base of the dorsal horn in the spinal 
cord.*.* “Sensory epileptiform discharge" in 
the spinal cord—as Crue defines it--seems 
to be the result of a disruption in the intri- 
cate balance between central excitatory and 
inhibitory activity, in connection with de- 
afferentiation phenomena? and with break- 
down of "feedback" mechanisms along de- 
scending inhibitory pathways.!^ 


Obviously, many questions concerning 
neuronal behavior subserving the pain ex- 
perience have no clear-cut answer at pres- 
ent-day knowledge; however, the fact that 
such questions are raised in ever-growing 
numbers should caution the clinician against 
attempts to "cure" a chronic pain state with 
repeated operative procedures and—most 
important—with neurosurgical and/or chem- 
ical-neurolytic interruption of the so-called 
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and highly questionable “pain pathways." 
Cases like :he one presented by Dr. Ham- 
monds are being documented in large num- 
bers in Pain Control Centers across the 
country anc do confirm strong statements of 
caution aga:nst funnel-vision, oversimplistic 
approaches to chronic pain problems. 





In cornection with changing thoughts and 
research evidence about pain mechanisms, 
technics of “hyperstimulation analgesia" 
have multiplied over the past few years 
(transcutaneous electrical stimulation, acu- 
puncture, osteopuncture); these are simply 
methods o? producing brief pain to relieve 
a chronic, more intense, painful experience. 
Actually, technics of “hyperstimulation for 
suppression” can be traced way back in the 
history of medicine, from the practice of 
applying vesicants to the skin of the sufferer 
to the ethyl chloride spray of Travell. While 
the analgesic mechanism of hyperstimula- 
tion is far from being well understood, one 
interesting hypothesis is that intense periph- 
eral stimulation could “jam” patterned cen- 
tral neural activities, “engrammed” in the 
brain ard m the cord by pathology at a 
distant site. This disruption could outlast 
the duration of peripheral stimulation, evok- 
ing patterns of nerve impulses that would 
delay—-cr suppress—-the recall of previous 
neural activity.!! After all, nerve blocks may 
well be simply another “needling technic” 
for hyperstimulation, possibly with some 
added pharmacologic action, capable of cor- 
recting some disruption in tissue homeo- 
stasis in cornection with pathologic periph- 
eral stimuli. These side effects are most like- 
ly to be significant following sympathetic 
blockade for chronie back pain. 


One of the most common causes of chron- 
ic back pain. both in the cervical and in the 
lumbar regicn, is the "fibrositis syndrome," 
identified by the presence of numerous trig- 
ger points &H over the back region and often 
associated with degenerative disease of the 
spine. Myosbrositis has long been viewed 
as the consequence of sustained “muscle 
spasms;" however, recent electromyographic 
studies have demonstrated no evidence of 
electrical activities in the affected muscles. 
Biopsy studies have shown an increase of 
tissue spaces in the fibrositic muscle, and 
chemical studies have revealed an increase 
in Cl- and a decrease in K'; both studies 
indicated the presence of edema as the pos- 
sible pathologic derangement in the fibro- 
sitis syndrome.!* 


It stands to reason to postulate that sym- 
pathetic blocks might relieve chronic back 
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pain, not only through needle hyperstimula- 
tion but also through the correction of the 
muscular edema, and, possibly, of edema at 
the nerve-root level, which is so often asso- 
ciated to postlaminectomy sleeve-root fibro- 
sis and perivascular scarring. And finally, 
sympathetic blocks, of all the nerve blocks 
suggested for treatment of chronic back 
pain, are the least likely to affect motor 
function, with a very low morbidity rate; 
therefore they are probably the best choice 
when block therapy is structured in contin- 
gency management for functional rehabili- 
tation. 
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Comments on Case Discussion 


VERNE L. BRECHNER, MD 
Department of Anesthesiology 
UCLA School of Medicine 
Los Angeles, California 


In general, I agree with all that Dr. Brena 
has stated in his erudite discussion. I will 
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have little to add to this. However, I would 
like to comment that it is discouraging to 
read such a case history. This patient pre- 
sents a history of 7 years of crescendo catas- 
trophe in which there is increasing inappro- 
priate surgical intervention resulting in a 
patient who seems to be a iatrogenic muse- 
um. Finally, it was recognized that her 
behavior was typical of that of a chronic 
benign pain patient. 


These patients are highly skilled at ma- 
nipulating physicians and the world about 
them. They are hostile; they are depressed; 
they are drug dependent, and their life is 
dedicated to the successful pursuit of a pain- 
oriented environment. It is vital that physi- 
cians recognize such behavior as a clear-cut 
syndrome which needs treatment specifically 
oriented to that syndrome. It is totally in- 
appropriate to treat these patients along the 
classical lines of pain relief. Medication 
with narcotics simply compounds the prob- 
lem. Altering afferent input by various op- 
erative procedures, such as neurolysis or 
cordotomy, is doomed to failure, as it is 
based upon the simplistic concept that the 
human pain phenomenon can be compared 
to a telephone switchboard. Such is not the 
case. 


When such a patient is recognized, he 
should be introduced into a program de- 
signed specifically for his needs. The pro- 
gram consists of behavior modification, psy- 
chiatric and psychologic counseling by per- 
sonnel familiar with the phenomenon of be- 
nign chronic pain, rational physical therapy 
and occupational therapy to minimize me- 
chanical body stress in daily activities, ap- 
propriate nerve block therapy administered 
as a reward, biofeedback, and hypnotherapy 
(if appropriate). Marked improvement can 
then be seen in these patients, who then 
recognize that the physician actually under- 
stands their problem. 


At this point, the patient realizes that 
efforts at manipulating the physician will 
be unsuccessful. At the same time, he rec- 
ognizes that there is hope for his depression, 
that the narcotic dependence will be ration- 
ally treated by a withdrawal program, that 
he is going to have an opportunity to ex- 
press his disappointment in the bitter fail- 
ure of modern medicine without the penalty 
of being rejected by the physician, and that 
he is in the hands of a person who is going 
to carefully lead him into the means by 
which he can get the most out of what is left 
of his life. 
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Method for Verifying Endotracieal Tube Placement 


ERCUMENT A. KOPMAN, MD* 


NADVERTENT insertion of the endotracheal 

tube into a main stem bronchus is a 

common cause of atelectasis and hypoxemia 
during the course of anesthesia.! ? 


Several methods have been described for 
ascertaining the position of the tip of the 
endotracheal tube in the trachea: ausculta- 
tion of breath sounds, chest x-ray, and elec- 
tromagnetic sensing.* Auscultation of breath 
sounds may be misleading or the chest may 
be inaccessible because of surgical drzpes 
or operative procedures involving the :ho- 
rax X-ray localization is time-consuming, 
may not be immediately available, and may 
be impracticable because of interference 
with sterile technic. 'The sensing method 
needs an electronic detector and modified 
endotracheal tube. 


We propose a simple, noninvasive technic 
for determining endotracheal-tube cuff loca- 
tion. 


METHOD 


Following intubation, the cuff is inflated 
with air in the usual manner. Before the 
tube is taped in place, 1 ml of sterile saline 
solution is injected into the pilot cuff. When 
the endotracheal tube is properly placed 
and the pilot balloon is compressed and re- 
leased gently between the fingers (figure), 
a gurgling sound is transmitted and can 
easily be heard with a stethoscope between 
the cricothyroid cartilage and the jugular 
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Figure.  Meninvasive technic for determining 


endoiracheal.itbe cuff location. Position of endo- 
tracheal tube and pilot balloon. 


notch. This sound indicates that the cuff of 
the endotracheal tube is located below the 
vocal cord amd several centimeters above the 
carina. 


If the endotracheal tube is accidentally 
positioned im one of the main stem bronchi 
or near the carina, no gurgling sound will 
be heard between the jugular notch and the 
cricothyroid cartilage. If this occurs, the 
tube must b2 withdrawn until the sound of 
gurgling is beard between the jugular notch 
and the ericothyroid cartilage. 


To verifv the validity of this technic, a 
fiberoptic bronchoscope was introduced into 
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the trachea through the endotracheal tube 
until the tip of the bronchoscope touched 
the carina in 5 patients. At this point, the 
proximal end of the bronchoscope was 
marked and withdrawn until the tip of the 
tube became visible, when a 2nd mark was 
made. The distance between the 2 marks, 
which is the distance to the tip of the tube 
from the carina, was found to be not less 
than 4.5 cm in each patient. Postoperative 
chest x-ray showed an excellent correlation 
between the location of the cuff as previous- 
ly detected with a stethoscope. 


The procedure is equally effective with 
all sizes of cuffed tubes. 


COMMENT 


Accidental intubation of a main stem 
bronchus is a serious complication of endo- 





Warmer for Antiseptic Skin 
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tracheal anesthesia, since intrapulmonary 
shunting and hypoxemia result. If the right 
main bronchus is intubated, the right upper 
lobe bronchus may also be occluded by the 
tube, due to the short distance between the 
carina and the orifice of the upper lobe 
bronchus.? Therefore, prompt recognition of 
bronchial intubation has great practical im- 
portance. 
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Preparation Solutions 


CHARLES J. RESTALL, MD* 
STEVEN P. SCHMIDT, CRNA? 


Rochester, Minnesotat 


“O OH, that's cold" is a common com- 
plaint uttered by patients when an 
antiseptic solution at room temperature is 
applied to the skin before the administra- 
tion of a local or regional analgesic. For 
patient comfort, we use a thermostatically 
controlled biological incubator to warm 
antiseptic solutions (1:1000 thimerosal and 
70 percent alcohol) to 40? C, a temperature 
that is noninjurious to normal skin. We 
modified the 3-wire grounded electric cord 
supplied with the incubator by adding an 
explosion-proof plug!, so as to be compatible 
with operating-room electric outlets (fig- 
ure). A longer cord can be substituted for 
the cord supplied with the incubator if nec- 
essary for ease of use in the operating room. 


Patient response to the use of the warmed 
skin preparation solution has been over- 





§No. 107 Attest, 3M Company, St. Paul, Minnesota. 
| Hubbelock. 
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whelmingly favorable. Many patients have 
asked, ^What are you painting me with this 
time? It's not cold like it used to be." Rou- 
tine bacteriologic cultures of the inside of 
the incubator, made during use, have in 
every instance been negative. 





FicURE. The modified No. 107 Attest™ biological 
incubator, with plug. 
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Cannulation of a Nonpalpable Artery with the 


Aid of a Doppler 





Mcnitor 


CHANA BUAKHAM, ND” 
JONG MIN KIM, MET 


Kansas City, Kansasi 


JA EAE cannulation is usually accom- 
panied by a reduction in blood flow 
through the cannulated arterial segment, 
due to decreased luminal space by the can- 
nula itself, by arterial spasm, and/or by 
thrombus formation. In the normal hand, 
both the radial and ulnar arteries provide 
perfusion, either artery being competent to 
give adequate perfusion in the event of com- 
plete occlusion of the other. However, in 
some patients, perfusion of the hand is so 
dependent on one artery that, if flow through 
this dominant vessel is compromised, hand 
perfusion may be disturbed. 'Thus cannula- 
tion of the other artery is desirable. Yet this 
other artery may, for any of several reasons, 
not be palpable. A method for coping with 
this complication is described. 


REPORT OF A CASE 


A 74-year-old man was scheduled for a 
right total hip replacement. A preoperative 
Allen's test disclosed poor ulnar filling of 
the palm bilaterally. The patency of both 
the right and left ulnar arteries was tested 
again in the operating room with a pulse- 
wave monitor, as described by Kim and col- 
leagues.! In both hands, the finger pulse- 
wave was converted to a flat line by com- 
pression of the radial artery but was not 
altered by compression of the ulnar artery. 
Since the radial arteries were thus proved 
to be dominant bilaterally, cannulation of 
an ulnar artery was considered. However, 
ulnar arterial pulsation was not palpable 
either before or after induction of anes- 
thesia. 


The forearm was positioned and affixed 
to an arm-board, with the wrist dorsiflexed 
over a rolled towel and secured with adhe- 
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sive tape. The maximum flow signal of the 
ulnar artery was traced by a transcutaneous 
Doppler” at the wrist, and a line was drawn 
over the arterial pathway with a skin-mark- 
ing pen. A Z0-gauge Longdwel? cannula was 
inserted without difficulty into the ulnar 
artery, using a technic described by Bedford 
and WolBmzn.* The cannula was advanced 
about 1 zm from the point of entrance and 
free flow o^ pulsating arterial blood was 
obtained. There was neither frequent damp- 
ing of tbe a-terial pulse-wave nor difficulty 
in obtaining an arterial sample intraopera- 
tively. 


The cennala was removed in the recovery 
room. On the 1st postoperative day, a direc- 
tional Dopplert demonstrated a forward 
flow at the cistal part of the previously can- 
nulated almar artery, indicating patency of 
the proximal ulnar artery. The directional 
Doppler als» showed bilaterally significant 
reductiom in ulnar flow compared to radial. 


DISCUSSION 


Arterial cannulation in total hip replace- 
ment prcvidss several advantages. The occa- 
sional hypotension? and hypoxiat that ac- 
company tke application of acrylic bone 
cement can de detected early by continuous 
monitoring of arterial pressure and by fre- 
quent measurements of arterial blood gases. 


The narrcwing of an ulnar artery might 
be a manifestation of generalized arterio- 
sclerosis. If this were the case, any reduc- 
tion of the dominant radial arterial flow by 
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cannulation could result in a serious com- 
plication in the hand, possibly outweighing 
the advantages of intraoperative arterial can- 
nulation. While ulnar cannulation might be 
an alternative method, this would be possi- 
ble only if mapping of the ulnar arterial 
pathway by palpation were feasible. In our 
patient, as the ulnar arterial flow, though 
not palpable, could be traced by the Dop- 
pler, we were able to draw a line along 
the arterial pathway on the secured wrist. 
After this procedure, cannulation was not 
difficult. 


Examples of other cases where this tech- 
nic would be useful include cannulation of 
a nonpalpable artery in shock patients or 
in obese patients, especially after dorsiflex- 
ion of the wrist; in a spasmodic artery after 
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several unsuccessful attempts at cannula- 
tion; or in a femoral artery of an infant 
or child. 
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Fiberoptic Laryngoscope Guide and Protector 


JEN F. WANG, MD* 


HE fiberoptic laryngoscope has been a 

valuable addition to the anesthesiolo- 
gist’s armamentarium. The usual technic for 
fiberoptic laryngoscopy uses the nasal ap- 
proach, but when contraindications prevent 
this approach, the oral route must be used. 
This technic, in turn, has its complications. 
The normal anatomy makes it difficult to 
position the laryngoscope in the larynx at 
the level of the vocal cords. Also, a con- 
scious patient may bite and damage the 
instrument during the maneuvers of intuba- 
tion. To facilitate oral fiberoptic laryngo- 
scopy and to protect the laryngoscope, a 
combination guide and guard has been 
designed. 


A Portex #3 oral airway has been modi- 
fied to aid in introducing the laryngoscope. 
A 6x6 mm groove in the middle of the 
Portex airway and extending its entire 
length both permits easier insertion of the 
laryngoscope and protects it from the teeth 
of the patient. Insertion into the mouth is 
easiest if the patient’s mouth can be opened 
to more than 10 mm. 


The figure shows the modified Portex #3 
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FIGURE. 
position. The oral airway guide with laryngoscope 
has been properly inserted so that the tip of the 
laryngoscope is delivered into the larynx and the 
rima glottidis may be visualized. 


Sagittal section of patient in sniffing 


airway and fiberoptic laryngoscope in place 
with the patient's head in the sniffing posi- 
tion. As soon as the tip of the laryngoscope 
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enters the trachea, the airway is partially 
removed and the endotracheal tube is 
pushed down to the trachea. 


The oral airway guide and protector has 
been used successfully in patients with frac- 
tured facial bones and noses and in others 
whose nasal passages would not permit the 
use of the standard nasal laryngoscopy ap- 
proach. Initial experience with this device 
has been recently described.! 
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Compressed Air-O»-Anesthetic Mixtures for the Neonate 


J. FREDERICK JONES, LCDR, JSNR (MC) 
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Portsmouth, Virginia* 


HE premature infant surgical patient 

with cardiopulmonary function adequate 
to achieve an arterial O, tension ( Pao.) 
greater than 60 to 80 torr in an augmented 
O., environment may develop retrolental 
fibroplasia (RLF) and impaired vision.!? 
This susceptibility warrants careful dilution 
of O, in all inspired mixtures administered 
to these patients during anesthesia. In in- 
fants requiring anesthesia for disease en- 
tities free of closed gas-containing cavities, 
N.O is a satisfactory diluent to the inspired 
O., necessary to normalize the Pao». 


However, in infants with closed gas-con- 
taining spaces, such as lobar emphysema, 
diaphragmatic hernia, pneumopericardium, 
pneumothorax, pneumomediastinum, om- 
phalocele, gastroschisis, and intestinal ob- 
struction, diluent flows of N., He, or com- 
pressed air are preferable to N.O. Most 
anesthesia machines do not provide metered 
flows of gases other than N.O to afford this 
flexibility. 


Description cf Apparatus._-To enable de- 
livery of a compressed air-O.-anesthetic mix- 
ture of known Fio, to selected infants dur- 
ing anesthesia, without purchase of an ex- 
pensive anesthesia machine equipped with 
a diluent flowmeter, we combined compo- 


nents availzble in virtually all hospitals 
where these infants are anesthetized. In se- 
quence of gas flow, the device has a com- 
pressed air exygen blender, an O, analyzer, 
a flow- enc temperature-compensated anes- 
thetic vapor:zer, a heated humidifier, and a 
nonrebreath.ng anesthetic delivery system 
(figure). The machine can be equipped with 
tanks of compressed air and O, for trans- 
port to and from the operating theater, 
thereby avoiding even short exposures to 
unnecessarily high Fio.. 


The deviee has performed satisfactorily 
in a premature infant with an omphalocele 
for each of & anesthesias necessary for clos- 
ure of his defect. In addition, no problems 
were encourrttered in its more routine use in 
other pediatric patients. Confirmation of 
proper function of the device for the pre- 
mature infant, however, necessitates intra- 
operative temporal or radial arterial blood- 
gas sampling. 


Comment. — Two important considera- 
tions necessitate the ability to provide vari- 
able Fio, ir an anesthetic mixture free of 
N.O for infent surgical patients with closed 
gas-containing spaces and with cardiopul- 
monary funetion adequate to accomplish a 
normal Pao. in an Fio, less than 1. First, 
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Ficure. Diagram of system components and 
sequence of gas flow. 


N.O anesthesia can cause an increase in the 
pressure or volume of a closed gas-contain- 
ing space within the body.* Second, there 
is a causal relationship between a higher 
than normal Pao, and RLF, particularly in 
infants of less than 2000 gm weight and 36 
weeks gestation. 
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Although the limits of susceptibility to 
RLF with regard to age, weight, duration, 
and extent of exposure to O, are controver- 
sial, caution is warranted in all infants need- 
ing augmented O., environments, since RLF 
has been reported even after short exposure 
in full-term infants of normal birth weight.? 
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INOSINE-PHOSPHATE-PYRUVATE. Erythrocyte 2,3 diphosphoglycerate (2,3 DPG) 
and Pss values were determined before and after cardiopulmonary bypass (greater than 
60 minutes) in 71 patients. 2,8 DFG declined prog 

greater than that which would occur with hemodilution alone. Allopurinol to prevent 
the conversion of inosine to uric acid did not alter this response. Associated with the 
decreased 2,3 DPG was a significant reduction in the Ps. A solution of inosine-phos- 
phate-pyruvate (IPP, 7.5 or 15 ml/kg) prevented the decrease in 2,3 DPG and Pea. 
Conceivably, treatment with IPP might protect against myocardial ischemia. (Giannelli 
S, MeKenna JP, Bardiuk JM et al: Prevention of increased hemoglobin-oxygen affinity 
in open heart operations with inosine-phosphate-pyruvate solution. Ann Thor Surg 
21:386-396, 1976) 
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and Pulmonary Shunting 


NATHAN LEON PACE, MD* 
Seattle, Washington“ 


A case of severe hypoxemia and pulmonary 
shunting following head injury is reported. The 
rapid alterations in pulmonary shunting and 
arterial oxygenation are unexplained and prob- 


iP RECENT years, much attention has been 
directed to respiratory insufficiency as- 
sociated with head injury.'* The following 
case illustrates rapidly changing hypoxe- 
mia, without pulmonary edema, following 
nonpenetrating head trauma. 


CASE REPORT 


Near midnight on November 2, 1973, a 
previously healthy 16-year-old Caucasian 
was involved in a two-car accident. He was 
found comatose and required endotraeheal 
intubation by Seattle Fire Department para- 
medics. He arrived at the Harborview Medi- 
cal Center by 0200 hr; initial examination in 
the emergency room revealed a slender, 
muscular male with a left cephalohematoma. 
There was withdrawal of extremities to stim- 
ulation; respirations were 20/min and shal- 
low. Initial echoencephalogram; skull, cer- 
vical spine, and chest roentgenograms; ex- 
cretory urogram; and right percutaneous 
carotid arteriogram were within normal lim- 
its. Initial diagnosis was severe brainstem 
and cerebral contusions. 


He was transferred to the intensive care 
unit about 0700 hr, at which time he had a 
pulse rate of 200 bpm and a temperature of 
41.1? C. Dexamethasone, aspirin, cooling 
blanket, and sponge baths were effective in 


ably contributed to the patient's demise. Better 
understanding of this respiratory failure awaits 
more sophisticated monitoring methods. 


lowering the temperature. Neurologic exam- 
ination shewed preservation of some brain- 
stem functions (cold calories, doll’s eyes, 
pupil reactrvity) and semipurposeful with- 
drawal ef tae upper extremities. 


Excessive sympathetic activity, manifest- 
ed by hypertension, tachycardia, shivering, 
and hyperthermia, was evident for the next 
72 hours. Treatment included 2.5 mg IV 
chlorprcmazine intermittently, cooling blan- 
ket, 1500 ml/day of D/5 lactated Ringer’s 
solution, humidified O., hourly endotracheal 
hyperindation and suctioning, and frequent 
turning in bed. Monitoring included radial 
artery anc pulmonary artery (Swan-Ganz) 
catheters. inspired O, concentration was 
checked wich an O, analyzer, and the Fio, 
(fraction inspired O, concentration) main- 
tained et 0.4, except for the 1st few hours 
after admission and the last day of life. 


His care was complicated by intermittent, 
severe falls in Pao, on November 3 and 6 
(table). Om November 3, Pao, dropped 
from 546 to 93 torr and then rose to 433 
torr. On November 6, Qs/Qt (pulmonary 
shunting) changed rapidly in the range of 
2 to 67 percent, with Pao. varying from 32 
to 435 torr. There was no clearly identifiable 
explanaiicr for the changes in Qs/Qt and 
Pao.. No pulmonary edema, pneumonitis, 
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TABLE 
Blood-Gas Record 


Paoe, Pacos, 

Date /time Ventilation Fios torr torr pH 
11/3: 0215 Spontaneous 1.0 546 39 7.34 
1135 Spontaneous 1.0 93 20 7.49 

1220 Spontaneous 1.0 433 28 7.46 

1330 Spontaneous 0.4 122 24 7.51 

11/4: 0800 Spontaneous 0.4 128 36 7.49 
11/5: 0800 Spontaneous 0.4 215 38 7.46 
11/6: 0810 Spontaneous 0.4 210 31 7.52 
1400 Spontaneous 0.4 41 37 7.45 

1420 Spontaneous 1.0 129 38 7.45 

1540 Spontaneous 1.0 435 35 7.52 

1915 Spontaneous 1.0 41 44 7.39 

1950 Spontaneous 1.0 32 41 7.40 

2000 Mechanical 1.0 857 26 7.46 

2115 Mechanical 1.0 63 37 7.45 

11/7: 0015 Mechanical 1.0 96 33 1.47 
0300 Mechanical 1.0 292 29 7.46 

0635 Mechanical 1.0 186 22 7.67 


HCOs, AeDos, Qs/Qt, PA, PAW, 
mEq/l — torr yA torr torr Comment 

20 128 — — — — 

15 600 — — — Shivering 

17 252 — — — Shivering 

19 139 6 15/3 10 — 

27 121  — 27/10 4 — 

26 32 2 24/13 — — 

25 44 2 26/8 10 -— 

23 207  — — —  Bradycardia 

Rxs: mannitol 
atropine 

29 546 37 —— — — 

28 243 183 28/7 7 — 

26 628 67 18/3 — . Chest 

roentgenogram 

26 640 — — — Normal 

18 330 T 22/0 — MA-1 

25 613 34 17/2 — -— 

28 584  — 19/3 — — 

20 302  — 20/2 — Hypotensive 
20 505 40 14/2 — . Hypotensive 


PA = pulmonary artery pressure; PAW = pulmonary artery wedge pressue; F10, = fraction inspired O, 
concentration; AaDo, = alveolar to arterial O, tension gradient; Qs/Qt = pulmonary shunting. 


inadvertent endobronchial intubation, ate- 
lectasis, pneumothorax, or heart failure was 
evident. Frequent auscultation of the chest 
revealed no rales or gallop rhythms. Daily 
chest roentgenograms showed clear lung 
fields and a normal-sized heart. Endotra- 
cheal secretions were always minimal, and 
sputum culture showed only scant, mixed 
respiratory flora. Neither pulmonary artery 
nor pulmonary artery wedge pressures were 
ever elevated. Daily weighing showed a con- 
stant 56 kg. 


On November 4 there was continued hy- 
perthermia and decerebrate posturing. On 
November 5, an EEG revealed severe diffuse 
abnormalities. Initial hematocrit reading of 
38 had dropped to 23, and transfusions were 
given; the site of blood loss was not evi- 
dent. On the morning of November 6, there 
were semipurposeful movements; that after- 
noon he suddenly developed a dilated left 
pupil, bradycardia, and cyanosis. He was 
given 75 gm of mannitol IV; 6 quadrant twist 
drills revealed no mass lesions. Later that 
evening, mechanical ventilation and then 
vasopressors were begun. The following 
morning, the patient was flaccid, areflexic, 
apneic, and hypothermic. Repeat EEG re- 
vealed no activity. Mechanical ventilation 
was discontinued later that evening. 


Necropsy showed diffuse brain edema and 
focal hemorrhage; there was transtentorial 
herniation with diencephalic compression, 
and small bilateral subdural hematoma (5 
to 10 ml) were found. There was minimal 
pulmonary edema and congestion (lung 
weights 500 and 420 gm) and signs of early 
pneumonitis of all lobes. Gross and micro- 
scopic examination of the heart showed no 
abnormalities. A laceration of the liver and 
290 ml hemoperitoneum were also found. 


DISCUSSION 


Even if common pulmonary complica- 
tions, such as fluid overload, aspiration, my- 
ocardial insufficiency, pneumonia, pneumo- 
thorax, are excluded, a neurogenically in- 
duced respiratory dysfunction is often seen 
following cerebral trauma. 4 


One variant is acute neurogenic pulmo- 
nary edema; it is related to a massive, cen- 
trally mediated sympathetic stimulation or 
"cardiovascular storm."5.6 Important in the 
pathogenesis of this pulmonary edema are:? 
(1) transient, generalized, peripheral vaso- 
constriction with mobilization of blood to 
the central circulation; (2) elevated left 
atrial and pulmonary capillary pressures 
with acute pulmonary edema; (3) injury to 
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pulmonary endothelium with altered pul- 
monary capillary permeability; and (4) 
peristent pulmonary edema with normal 
hemodynamics. 


Alternatively, a hypothalamically in- 
duced, sympathetically mediated, intense 
pulmonary venoconstriction has also been 
implicated as causing pulmonary capillary 
hypertension and edema.®” In fact, G. Moss 
and coworkers!'".!! have proposed a “centri- 
neurogenic" etiology for all acute respira- 
tory distress syndromes: cerebral hypoxia 
from diverse causes (shock, trauma, high 
altitudes) produces autonomically mediated 
pulmonary venular spasm and pulmonary 
edema. 


Other elements possibly contributing to 
neurogenic pulmonary edema are reductions 
in pulmonary compliance and surfactant ac- 
tivity;!*-!* their importance is unclear. 


Another form of respiratory dysfunction 
following cerebral edema is hypoxemia with- 
out hypoventilation or pulmonary edema. 
Katsurada’s group“ followed 28 patients 
who died of severe head injury; all showed 
elevated AaDo. (alveolar to arterial O., 
tension gradient) indicative of massive pul- 
monary shunting, but only a few showed 
clinical pulmonary edema. In 11 uncon- 
scious tracheostomized head-injury patients 
without gross pulmonary pathology, I. R. 
Moss and colleagues? found an increased 
AaDo. secondary to ventilation/perfusion 
abnormalities and pulmonary shunting. This 
hypoxemia is poorly understood but has 
been ascribed to: (1) passive opening of 
pulmonary arteriovenous shunts; (2) active 
changes in pulmonary vasculature; or (3) 
overdistention of the pulmonary vascular 
bed, with alveolar collapse.!9'!* The in- 
creased Qs/Qt appears to be reversible and 
follows changes in intracranial hyperten- 
sion. Miliary atelectasis as a cause of 
hypoxemia appears to have been excluded 
by the failure of venous admixture to return 
to normal following lung hyperinflation.!5.!7 


The rapidly changing hypoxemia in this 
patient is not easily explained. Although 
showing sympathetic overactivity, there was 
no indication of LV failure, pulmonary ca- 
pillary hypertension, or pulmonary hyper- 
tension. Other causes of hypoxemia, such 
as endobronchial intubation, O. toxicity, 
atelectasis, pleural effusions, pneumothorax, 
pneumonia, hypoventilation, were not evi- 
dent. Thus, the clinical picture seems con- 
sistent with previous reports of hypoxemia 
without pulmonary edema following cere- 
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bral injury; however, such large, rapid 
changes ir. pulmonary shunting have not 
been previously reported. 


Altheugh Qs/Qt was measured directly by 
obtaining :rue mixed venous blood via the 
pulmorary artery catheter (Swan-Ganz), it 
only reflects the overall venous admixture. 
Quite recently, new methods have been de- 
velopec in which the steady-state infusion 
of multap:e inert gases allows determination 
of the distribution of ventilation/perfusion 
ratios cver the entire range from pure shunt 
to pure dead space.!® Pulmonary shunt de- 
termined by O, and by inert gas infusion 
methods g ve similar results.2° The clinical 
use of this more sophisticated technic might 
have helped in understanding this patient’s 
hypoxemia. 


Also, it has become technically feasible 
to confinuously monitor intracranial pres- 
sure (IC P+ following head injuries.?!. 7? Al- 
though seme observers?'?? have found no 
correlation between ICP and neurologic 
status, Shapiro and associates?! were able 
to modify persistent intracranial hyperten- 
sion and perhaps improve survival with the 
addition ef barbiturates and hypothermia to 
standard treatment. 


In retrespect, ICP monitoring of this pa- 
tient might have shown correlations between 
ICP and changing Pao.; in turn, appropri- 
ate recuct.on of intracranial hypertension 
might have avoided the arterial hypoxemia, 
which could only contribute to further cere- 
bral swelling. 
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COUGH-INDUCED CARDIAC COMPRESSION. Three patients developing ventricular 
fibrillation during coronary angiography remained conscious for 24 to 39 seconds by 
coughing every one to three seconds. The mean systolic blood pressure generated by 
a forceful cough in these patients was nearly 140 torr compared with about 60 torr in 
other patients treated with external cardiac compression. Coughing increases intra- 
thoracic pressure and it is speculated the heart is subjected to the same pressure to 
propel blood forward. (Criley JM, Blaufuss AH, Kissel GL: Cough-induced cardiac com- 


pression. JAMA 236:1246-1250, 1976) 
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C= associated with cardiopulmonary 
failure is referred to as the pickwick- 
ian syndrome, from the description of the 
fat boy in Charles Dickens’ ‘“Piekwick 
Papers." The clinical features of the pick- 
wickian syndrome include marked obesity, 
somnolence, twitching, cyanosis, periodic 
respiration, secondary polycythemia, right 
ventricular hypertrophy, and right ventricu- 
lar failure.! Pickwickians hypoventilate, 
causing a variable degree of hypoxemia ac- 
companied by CO, retention. 'The ability to 
increase respiration in response to am in- 
crease in Paco, is depressed.! In our series 
of 88 obese patients who underwent jejuno- 
ileal bypass surgery, only one was diagnosed 
as having a true pickwickian syndrome.? 


REPORT OF A CASE 


Our patient was a 43-year-old man who 
weighed 199 kg and was 183 cm tall. He 
appeared cyanotic around the face and 
hands, was short of breath, drowsy, and 
could walk only a short distance. On admis- 
sion, his Hb was 15.9 gm/100 ml, het 52 
percent, blood volume 11.5 L, RBC volume 
6 L, with a plasma volume of 5.5 L. He had 
a maximum expiratory flow rate (MEFR) 
of 120 L/min (predicted normal 580 L/min), 
with a forced expiratory 1-sec volume 
(FEV,) of 75 percent of his forced expira- 
tory vital capacity (FEVC) of 2 L. 


Blood-gas analysis showed a Pao. o? 40 
torr, Paco, of 65 torr, with a pH of 7.34, 
HCO, of 29, and base excess (BE) of +1 


(table). At pulmonary angiography, systolic 
pressure wes 60 torr, diastolic 30 torr, with 
a mean pulmonary artery pressure of 40 
torr. 


Radicactive xenon studies revealed hypo- 
ventilation at both bases, the right being 
less well ventilated than the left. A techne- 
tium micresphere lung scan with the patient 
in the same sitting posture showed increased 
relative perfusion of the right lower lobe as 
compared with other lobes of the right lung. 
Hypoventilation of the right lower lobe with 
overperfusion of the same lobe signified the 
area of maximum ventilation perfusion mis- 
match and accounted for a large part of the 
patient's elinical hypoxia. The left lower 
lobe was also underventilated and overper- 
fused but not to the same extent. 


Preoperative treatment included intermit- 
tent pcsitive-pressure breathing (IPPB) 
with isoetharine, physiotherapy twice daily 
for a period of 2 weeks, and abstinence from 
smoking. Siight improvement of the arterial 
blood gases resulted without correcting the 
pH. Two weeks before operation, medroxy- 
progesterone (100 mg IM) was adminis- 
tered daily without interruption of the IPPB 
and physiotherapy. Following this treat- 
ment, arterial blood-gas tensions and pH 
showed significant improvement toward nor- 
mal. After 1 week's treatment, Paco, fell 
to 43 torr; after 2 weeks' treatment, Paco, 
fell to 43 torr and Pao, had risen to 64 torr 
(table). FEVC remained unchanged, FEV, 
improved from 75 to 85 percent, and MEFR 
increased from 120 to 320 L/min. 
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TABLE 


Arterial Blood-Gas Tensions and Body Weight Before and After 
Progesterone Treatment in a Pickwickian Patient 














On After admission ^... After treatment Postoperative 
admission 3 days } week 2 weeks 8 days 2 weeks Preop ^ 24 hours — 15 months. 
F10, 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 
Pao;, torr 40 44 45 46 58 64 61 63 75 
Paco., torr 65 71 58 58 43 40 40 44 38 
pH 1.94 1.30 1.84 1.33 7.34 7.36 7.38 7.38 7.41 
Base excess, 
mEq/L +1 +2 +2 —3 —8 — Í —2 0 
Bicarbonate, 
mEq/L 29.0 37.8 22.1 29.6 24.8 23.4 24.2 20.0 24.6 
Weight, kg 199 200 199 198 198 195 196 195 103 
On the day of jejunoileal bypass opera- DISCUSSION 


tion, premedication included meperidine 
(100 mg), promethazine (25 mg), and 
atropine (0.4 mg); and with the patient 
in a semisitting position, blood-gas values 
at Fio, of 21 percent were: Pao. 61, 
Paco, 40, pH 7.38, HCO, 24.2, and BE —1. 
Neuroleptanesthesia (3 ml Innovar^,* 8 ml 
fentanyl) with N,O-O,, 3 L:3 L at first 
then 4 L:2 L, kept Pao, above 80 torr dur- 
ing the 3-hour surgical procedure. A total 
dose of 18 mg of pancuronium was used for 
abdominal relaxation. Ventilation with a 
volume limited ventilator, set at 1400 ml 
12 times/min, recorded pressures varying 
from 15 to 22 torr. 


No attempt was made to reverse the mus- 
cle relaxant, and several arterial blood-gas 
analyses were done during the recovery- 
room period. He was ventilated for 16 
hours postoperatively. Postoperative course 
was uneventful, and he was discharged from 
the hospital on the 11th postoperative day. 


Fifteen months post-shunt, his weight had 
stabilized at 103 kg, a weight loss of 96 kg, 
and he was no longer sleeping 17 hours/day 
but required sleeping tablets to achieve a 
good night's sleep. He was more alert and 
active, with no signs of cyanosis, a Hb of 
12.8 gm/100 ml, an MEFR of 560 L/min, 
and an FEV, of 85 percent of his FEVC of 
3.05 L. Pulmonary artery systolic pressure 
was 25 torr, diastolic 9 torr, with a mean 
pulmonary artery pressure of 16 torr. At 
lung scan, a normal perfusion pattern was 
reported; and the blood gases on room air 
showed further improvement (table). 
*Innovar contains 2.5 mg/ml of droperidol and 0.05 

mg/ml of fentanyl. 





We have found no prior report on the use 
of progesterone to lower Paco. preoperative- 
ly in a patient with the pickwickian syn- 
drome. Over 70 years ago, Magnus-Levy 
measured marked increases in the resting 
ventilation during pregnancy;? and in 1915, 
Hasselbalch and Gammeltoft! found a de- 
crease in Paco, not only during pregnancy 
but also during the luteal phase of the men- 
strual cycle. Other studies? have provided 
additional evidence that this hyperventila- 
tion is related to progesterone. 


In 1953, Goodland's group? demonstrated 
a fall in Paco, from 42 to 38 torr in 20 nor- 
mal, healthy male medical students who re- 
ceived 50 mg of IM progesterone in sesame- 
seed oil over a 24 to 48-hour period. Lyons 
and Antonio? demonstrated that 3 normal 
men and a menopausal woman, given a sin- 
gle IM injection of 50 mg progesterone, 
showed a lowered Paco. in 24 hours. In 
addition, the stimulus-response curve for 
CO, became steeper in slope and showed a 
lower threshold, demonstrating increased 
sensitivity of the respiratory center. 


Lyons and Huang!? studied 8 obese pa- 
tients with the obese hypoventilation syn- 
drome. Their average body weight was 147 
kg, but none was described as pickwickian. 
After initial improvement on a low-calorie 
diet, digitalis, diuretics, and IPPB, 100 mg 
progesterone IM daily caused a 29.3 percent 
increase in alveolar ventilation and a 20.6 
percent increase in total minute volume. 
Arterial blood-gas tensions were returned to 
normal and respiratory acidosis was abol- 
ished. Paco, declined gradually to normal 
over a period of 10 to 15 days. Our patient 
followed this course with 100 mg of IM 
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medroxyprogesterone daily, since normal 
Paco. was achieved only after 14 days 
treatment. 


Lyons and Huang showed that weight re- 
duction alone was less effective in restoring 
normal ventilation. When progesterone treat- 
ment was stopped in their patients, Paco, 
began to rise again, and the ventilatory- 
response curve for inhaled CO. was shifted 
to the right and flattened.!^ 


Further confirmation of the effectiveness 
of medroxyprogesterone was reported re- 
cently by Sutton and coworkers.!! 'They pre- 
scribed sublingual medroxyprogesterone for 
1 month for 10 patients with pickwickian 
syndrome, achieving a reduction in Paco, 
(51 + 1.9 to 38 + 1.2 torr) and an in- 
creased Pao. (49 + 2.6 to 62 + 2.3 torr) 
with no change in body weight. The small 
weight loss (3 kg) in our patient during 
his preoperative period was insufficient to 
account for his improvement in Pao, and 
Paco,. 


'Tyler,!? in his series of 9 emphysematous 
subjects given IM progesterone, reported in- 
creased minute ventilation and alveolar ven- 
tilation. In our patient, Pao, increased, 
Paco, declined, the FEV, and MEFR in- 
creased. There was no observed change in 
his vital capacity during this period. Lyons 
and Huang reported no difference in dy- 
namic ventilatory tests or the mechanical 
properties of the lung. We did not perform 
other respiratory function tests. 


It has been suggested that progesterone 
stimulates the respiratory or hypothalamic 
neurons in contact with the blood. Lurie 
and Weiss!? reported that CSF contained 
levels no higher than 0.55 4g/100 ml of 
progesterone at term, while plasma concen- 
trations in the same parturients varied from 
9 to 11.1 4g/100 ml. This suggests an effec- 
tive blood-brain barrier. Following IM in- 
jection, progesterone disappears rapidly 
from the blood stream, but its effect is 
maintained for several days.'4 


In our case, the use of medroxyprogester- 
one may account for the 14-day period nec- 
essary to normalize Paco.. However, since 
Lyons and Huang reported their lowest 
Paco, values after 10 to 15 days with pro- 
gesterone, it may take time for this agent 
to lower a very high Paco, to normal. Tyler, 
too, demonstrated a maximum effect after 
8 days in emphysematous patients given 50 
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mg of IM progesterone daily.!- This time 
difference achieve maximal effect could 
be related :o the high fat solubility of the 
hormone, «hich may result in lower blood 
concentratiens in obese patients. 


'The well-established respiratory-stimulat- 
ing propert:es of progesterone should not be 
overlookec in obese patients scheduled for 
operation, when CO. retention is accom- 
panied by hypoxia. 
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Acute Pulmonary Edema Following Head Injury: 
Two Case Reports 


* 


HARRY B. COHEN, MD* 
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Columbia, MissouriS 


An acute episode of pulmonary edema may 
occur in association with head injury. This is 
due to the elevation of systemic blood pressure, 
to maintain cerebral circulation in the presence 
of increasing intracranial pressure (ICP). In 
these instances, the pulmonary edema arises as 
a pathophysiologic, neurohemodynamie re- 


Mc cases of pulmonary edema ob- 
served clinically are associated with 
primary cardiopulmonary disease. Pulmo- 
nary edema is also seen in renal, hepatic, 
hematologic and, as discussed here, central 
nervous system (CNS) disease. 


It has been established that increases in 
intracranial pressure (ICP) are followed 
by an increase in systemic arterial pres- 
sure.'^ Cushing, in 1901, demonstrated this 
pressure response by showing that the dia- 
stolic blood pressure (BP) will exceed the 
ICP by several millimeters of mercury, in 
order to maintain the circulation within the 
cranial cavity.? Ducker and associates? de- 
scribed 11 patients (ages 12 to 44) with 
pulmonary edema associated with a variety 
of CNS conditions and increased ICP in 
the absence of cardiovascular or pulmonary 
disease. They also published experimental 
data indicating that pulmonary edema could 
be elicited in + 20 percent of normal dogs 
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sponse to the intracranial disease. This re- 
sponse has been produced experimentally, and 
2 case reports describe this problem clinically. 
If such patients with increased ICP could be 
treated immediately with antihypertensive 
drugs, pulmonary edema might be prevented 
and the high mortality rate decreased. 


and monkeys by effecting a sustained eleva- 
tion of ICP.4 


The following case reports describe 2 pa- 
tients with acute pulmonary edema second- 
ary to head injury. The 1st patient expired 
from the complications of her injury while 
the 2nd survived and had a complete recov- 
ery. 


Case 1.—A 9-year-old, 40-kg girl fell from 
her bicycle and struck her left forehead. 
Within 2 hours, she had begun to vomit and 
progessively became unresponsive. Upon ar- 
rival in the emergency room she was in a 
decerebrate posture, unresponsive to pain, 
and had a fixed, dilated left pupil. Her BP 
was 120/80 torr, pulse 120/min, and she 
had an irregular respiratory rate of 24/min.® 
Her hemoglobin was 11.9 gm/100 ml and 
her hematocrit 38 percent. After a few min- 
utes, her BP rose to 150/90 torr. After skull, 
cervical spine, and chest x-ray films were 
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taken, the patient arrived in the operating 
room, her ventilation assisted by mask and 
Ambu bag with supplemental Oy. 


Suddenly the patient developed pu:mo- 
nary edema, evidenced by pink, frothy fuid 
pouring from her mouth. An oral endotra- 
cheal tube was inserted and 100 percent O., 
administered with positive end-expiretory 
pressure (PEEP) of +5 cm H,O. ECG 
revealed asystole, and neither carotid nor 
femoral arterial pulses could be palpated. 
Closed-chest cardiac compression was be- 
gun and arterial blood samples obtained. 
One ampule of NaHCO, (44 mEq) was giv- 
en empirically along with epinephrine (0.1 
mg), digoxin (0.25 mg), and dexametha- 
sone (4 mg) IV. An excessive dose of lido- 
caine (150 mg) was also infused. 


After electric countershock, a normal zom- 
plex was seen on the ECG. Pulse rate was 
120/min and systolic BP was 100 torr. 
ministration, showed pHa 7. 01, Paco, 61 
torr, and Pao. 28 torr. Ventilation with 100 
percent O. was continued and the dura was 
opened, releasing several milliliters of 
bloody fluid. Through a left temporal burr 
hole, + 50 to 60 ml of epidural hematoma 
were evacuated. 


Thirty minutes into the procedure, the 
ECG again showed asystole and no carotid 
pulse could be palpated. After IV epireph- 
rine (0.1 mg) and cardiac compressien, a 
ventricular tachycardia was noted. Lido- 
caine (50 mg) was given IV, followed by 
electric countershock, and a normal-apoear- 
ing ECG complex resulted. The systolic BP 
was then 60 torr and the pulse 100/min. 
Again epinephrine (0.1 mg) was adminis- 
tered, both IV and intracardiacally, but 
there was no response; A-V dissociation 
quickly followed by asystole was noted on 
the ECG. Resuscitative measures were con- 
tinued for 20 minutes before the patient was 
pronounced dead. An autopsy permit lim- 
ited the examination to the brain only. 
Necropsy findings were uncal hernation sec- 
ondary to severe cerebral edema. 


Case 2.—A 17-year-old, 80-kg boy suf- 
fered a severe head injury in an automobile 
accident. He arrived in the emergency room 
about 1 hour after his accident, comatose, 
and with flaccid extremities. Shortly after 
his arrival, the extremities assumed a de- 
cerebrate posture, with legs held in hyper- 
extension. His BP was 140/60 torr, pulse 
160, respirations 28/min. He was respon- 
sive only to deep painful stimuli. Both pu- 
pils were alternately dilated and consiricted. 
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A scalp laceration was noted in the left 
parieto-cccipital area. The patient immedi- 
ately developed signs of acute pulmonary 
edema. Nasotracheal intubation was per- 
formed and supplemental O, with PEEP 
was administered via Ambu bag, followed 
by 100 percent O, with PEEP (+10 cm 
H.O) with an MA-I ventilator. He was giv- 
en 50 gm of mannitol IV in an attempt to 
decrease ICP." 


Blood-gas analysis now revealed pHa 6.9, 
Paco, 52, Pao, 45. Four ampules of 
NaHCO, (176 mEq) were given IV, fol- 
lowed by dexamethasone (20 mg) and furo- 
semide :80 mg), resulting in a pHa of 7.12, 
Paco. 60 torr, Pao, 49 torr. An additional 
4 ampules (176 mEq) of NaHCO, were 
given over a 10-minute period. 


Following bifrontal and bitemporal twist- 
drill procedures, no subdural or epidural 
hematomas were found, but the ventricular 
fluid was biood stained. A diagnosis of se- 
vere cerebral concussion injury was made. 
X-rays showed fractures of the posterior 
arch elements of C-1 and bilateral pulmo- 
nary edema. Following the operative pro- 
cedure, the patient, still unconscious, was 
transferred to the surgical intensive care 
unit. Ventilation was maintained by a Ben- 
nett MA-I with an Fio, of 1 and a PEEP 
of +12 cm H.O. Blood gases at this time 
showed pHa 7.44, Paco, 37, Pao, 56. 


The next day the patient was still uncon- 
scious but could move all extremities. A 
tracheostomy was performed to facilitate 
long-term respiratory care. On the 2nd post- 
operative day, chest x-ray disclosed a small 
left apieal pneumothorax and pneumomedi- 
astinum; the patient was gradually tapered 
off PEEP (+5 cm H,O). His blood gases 
were then pHa 7.42, Pao. 101, Paco. 40. 





By the 5th postoperative day, the patient 
regained consciousness and became more re- 
sponsive. His pulmonary edema was nearly 
resolved and the pneumomediastinum and 
pneumcthorax decreased. His blood gases 
with an Fie, of 0.4 were pHa 7.48, Pao, 88, 
Paco, 26. 


On the 6th postoperative day, use of the 
ventilator was discontinued; blood gases 
were now DHa 7.45, Pao, 81, Paco, 35 on 
room air. By the 8th day after operation, 
his mental status was normal, although an 
EEG was read as abnormal, with diffuse 
slow-wave activity with a right hemisphere 
preponderance. The tracheostomy was 
plugged by the 12th day and the patient 
was discharged 3 weeks postoperatively on 
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diphenylhydantoin (100 mg tid) and pheno- 
barbital (30 mg tid), which he had been 
receiving during his hosiptal course. 


He was examined in the neurosurgery 
clinic 1 week later and was thought to be 
completely recovered and continued on his 
medication. Six months later the patient 
was doing well and his medications were 
discontinued. 


DISCUSSION 


In Ducker’s paper? increased ICP ap- 
peared to be the only etiologic factor in 
10/11 cases, all patients appearing normal, 
except for the CNS findings, on initial ex- 
amination. Each of the patients developed 
massive pulmonary edema while in the hos- 
pital and only 1/11 survived. The only ab- 
normalities seen at necropsy were related 
to the CNS and lungs, uncal herniation. and 
cerebral edema usually being found, while 
the lungs were uniformly heavy and hyper- 
emic, with uniform noncellular edema 
throughout. 


Cushing? suggested that increased ICP 
caused by cerebral compression resulted in 
systemic hypertension, which tended to sta- 
bilize at a level slightly greater than the 
pressure exerted against the medulla. 
Marshall and associates? produced brain 
swelling and intracranial hypertension ex- 
perimentally in cats; they suggested that 
the trauma decreases cerebral autoregulation 
and that the increased arterial pressure is 
then transmitted to the capillary bed, pro- 
ducing acute cerebrovascular congestion and 
edema. 


In experiments on dogs and monkeys! and 
on chimpanzees, pulmonary edema was 
produced by increasing the ICP. At moder- 
ate elevations of ICP (100 torr), there was 
an initial transient increase in central ve- 
nous pressure (CVP) followed by an in- 
crease in cardiac output and systemic pres- 
sure. No increase in systemic peripheral 
resistance was present. In some animals at 
ICPs >125 torr, the systemic pressure re- 
sponse was followed by a marked decrease 
in cardiac output, dilation of the left atri- 
um, and elevation of pulmonary venous and 
arterial pressures, leading subsequently to 
pulmonary edema. 


A similar series of hemodynamic changes 
and the same pathologic entities in the lung 
were produced by large doses of IV nor- 
epinephrine.! Moritz,? in experiments with 
dogs, found that the hemodynamic changes 
leading to pulmonary edema could be 
blocked with the alpha-blocker, phenoxy- 
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benzamine, if administered before the ICP 
was artificially elevated. Compression or ir- 
ritation of the spinal cord also produced ele- 
vation of the arterial BP and mild pulmo- 
nary edema, while disconnection of the 
sympathetic pathways after spinal transec- 
tion at C-7 or C-8 abolished both systemic 
hypertension and pulmonary changes sec- 
ondary to cerebral compression.! Other re- 
ports indicated that vagotomy had no effect 
on the hypertensive response and the pul- 
monary changes following cerebral compres- 
sion. '.4.5.10 


These results support the hypothesis that 
the CNS tends to maintain systemic arterial 
pressure at levels greater than cerebral 
pressure by gradations of sympathetic dis- 
charge. Venoconstriction and peripheral ar- 
terial constriction are brought into play to 
maintain adequate brain perfusion. 


The mechanism of neurogenic pulmonary 
edema is believed to be as follows. When 
ICP is raised experimentally only slightly, 
pulmonary edema does not occur. There is 
a small transient increase in CVP, followed 
by an increase in cardiac output. The pres- 
sure response results from an increase in 
venous return and/or a primary inotropic 
effect on the heart itself. When ICP is 
markedly increased, the rise in systemic BP 
is accompanied by increases in total periph- 
eral resistance (TPR), which may place a 
sudden work load on the heart, leading to a 
fall back to normal levels in cardiac output. 
As the systemic vascular space contracts, 
the central blood volume is effectively in- 
creased by + 45 percent. The pulmonary 
arterial and venous pressures are moderate- 
ly elevated, but pulmonary edema does not 
usually occur. The last step, however, is a 
marked peripheral venoconstriction. The 
TPR is raised reflexly to extremely high 
levels. The strain on the left ventricle be- 
comes excessive, cardiac output falls, the left 
atrium distends, left atrial pressure may 
transiently exceed pulmonary artery pres- 
sure, and pulmonary edema ensues. 


After reviewing the phenomenon of pul- 
monary edema secondary to neurogenic 
cause, Luisada!! concluded that 3 elements 
were essential for this type of pulmonary 
edema: (1) peripheral vasoconstriction 
leading to a systolic overload on the left 
ventricle; (2) mobilization of blood toward 
the right heart and lungs, causing a dia- 
stolic overload of the left ventricle; and 
(3) inadequate relaxation of the left ven- 
tricular end-diastolic pressure, which is fol- 
lowed by a rise of left atrial and pulmonary 
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capillary pressure. All these changes are re- 
lated to excessive sympathetic stimulaticn.!! 


Thus, the pressor response, or “Cushing 
reflex," in protecting the brain, may pro- 
duce pathology in the lungs and hypoxemia. 


It is apparent that the usual methods of 
treatment of cardiogenic pulmonary edema 
are not effective in the case of CNS-induced 
puimonary edema. It is possible that relief 
may be achieved only by prompt decompres- 
sion of the ICP. However, rapid-acting anti- 
hypertensive vasodilators such as sodium 
nitroprusside, or sympathetic depressant an- 
tihypertensives like trimethaphan,!? would 
appear to be useful in treating neurogenic 
pulmonary edema by diminishing the ele- 
vated pulmonary venous pressure. This at- 
tractive concept is marred by the possibly 
detrimental effects of decreased cerebral per- 
fusion pressure associated with the reversal 
of the abnormally high peripheral resist- 
ance. A careful study of this concept seems 
warranted. 


CONCLUSIONS 


In a comparison of the 2 cases presented, 
it will be seen that the survivor received 
medications to decrease ICP at the first 
sign of pulmonary edema, while the nonsur- 
vivor received primarily resuscitative drugs. 
A study of mechanisms of neurogenic pul- 
monary edema suggests the possible value 
of treatment with vasodilating drugs in such 
cases. 
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PROPRANOLOL AND RENIN. The antihypertensive effect of propranolol with or 
without diuretics was studied in hypertensive patients wth high, normal or low renin 
levels. Propranolol (160 mg/day) lowered blood pressure only in high and normal-renin 
patients in association with a decrease in plasma rerin zctivity. The antihypertensive 
effect of propranolol and combination diuretic was greazer than the effect of either 


drug used alone. 


High propranolol doses (320-960 mg/day) reduced blood pressure 


in all patients independent of changes in plasma renir activity. High and normal 
renin hypertension should be treated with propranolol up to 160 mg/day and a diuretic 
added if any additional effect is needed. Low renin hy vertension should be initially 
treated with diuretics and propranolol] added if the reepcrse is not adequate. (Hollifield 
JW, Sherman K, Vander Zwagg R et al: Proposed raeckanisms of propranolol's anti- 
hypertensive effect in essential hypertension. N Engl J Med 295:68-73, 1976) 
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Peter Ky Lee, M.D. 


AA reithesia and Analgesia is proud to 
salute Peter Ky Lee, M.D. Born in 
Kirin, China, April 8, 1906, Doctor Lee 
obtained his Doctor of Medicine degree 
from Mukden Medical College, Mukden, 
China, in 1932, spending the next 4 years 
as a Resident in Surgery. He practiced as 
a surgeon in his native land until 1952, 
when he was awarded a World Health Or- 
ganization Fellowship in Anesthesiology at 
the Anesthesiology Center, Copenhagen, 
Denmark. Upon completion of his training 
in anesthesiology under WHO sponsorship, 
Doctor Lee was appointed Anesthesiologist- 
in-Charge at the University Hospital, Na- 
tional Taiwan University School of Medi- 
cine and University Hospital, Taipei, Tai- 
wan, Republic of China. In this position, he 
was responsible for training numerous anes- 
thesiologists in his country. A description 
of his teaching program was featured in the 
March-April 1969 issue of Anesthesia and 
Analgesia.! 


In 1957, Doctor Lee served a Sabbatical 
Research Fellowship at the University of 
Saskatchewan, Canada. And again, in 1963, 
he served a second Sabbatical Research Fel- 
lowship, this time at the Upstate Medical 
Center, Syracuse, New York. These fellow- 
ships resulted in his publication of numer- 
ous articles dealing primarily with analge- 
sic agents. 


In April 1972, Doctor Lee retired from 
his position in National Taiwan University 
School of Medicine and immigrated to the 
United States to accept a position as Visit- 
ing Professor in Anesthesiology at the Uni- 
versity of Florida College of Medicine in 
Gainesville. While in his new position, Doc- 
tor Lee developed an intense interest in 
patients suffering from chronic pain. Wish- 
ing to permit him to dedicate his time and 
effort to helping such persons, the Univer- 
sity named him Visiting Research Professor 
in 1978. During the succeeding 3 years, 
Doctor Lee was responsible for the estab- 
lishment of the Pain Clinic, where he had 
the opportunity to study the use of acupunc- 
ture for treatment of chronic pain as well 
as a project on acupuncture anesthesia. 
These studies, done under reasonably con- 
trolled conditions, have provided a great 
deal of insight into the appropriate applica- 
tion of this ancient Chinese technic. He re- 
tired in August 1976. 


Doctor Lee's vigor and enthusiasm belied 
his chronologic age. His dedication, kind- 
ness, and concern for patients and colleagues 
alike should be a model for us all. 
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In each issue of the Journal an artic!e of 
particular interest and value to anesthesi- 


Preventing Infection 


ologists, waich has been published else- 
where, wili be presented. Primarily the ma- 
terial w.ll contain fundamental basic infor- 
mation whith has been presented by anes- 
thesiologists, physiologists, pharmacologists, 
and others and, on occasion, by commercial 
firms. In the last instance, these reprintings 
are not to be construed as an endorsement 
of the par:icular commercial firm or its 
product by Anesthesia and Analgesia— Cur- 
rent Researches. 


in Intravenous Therapy 


DENNIS G. MAKI, MD* 
University of Wisconsin 


Any part of an infusion system—not just the 
cannula, its most distal portion—may be at Fault 
when sepsis complicates IV therapy. Detailed 
here are both intrinsic and extrinsic mechanisms 
by which contamination may occur; recommen- 


\ A ] ITHOUT question, intravenous infusion 

therapy has become an indispensable 
therapeutic modality in present-day medi- 
cine. It has probably saved more lives than 
all the antibiotics ever developed. At least 
10 million of the more than 40 million Amer- 
icans hospitalized each year receive some 
form of IV therapy—be it blood transfusion, 
fluid and electrolyte replacement, drug ad- 
ministration, or total parenteral nutrition. 
Yet IV therapy also carries a tremendous 
and, in my view, generally vastly underrated 
potential for iatrogeny. Virtually anything 
one can think might go wrong with IV sys- 
tems has, in fact, gone wrong (see table 1): 
mixing of incompatible drugs, use of the 
wrong drug or the wrong dose, and ever. in- 
advertent intra-arterial injection leadinz to 
severe arterial spasm and distal gangrene. 
Other disastrous complications, many of 
which are well known and all of which have 


dations such as more widespread use of steel 
scalp needles and early termination of infusions 
are given. The special requirements of total 
parenteral nutrition systems are defined. 


been reported, include: fluid overload and 
pulmonary edema, transfusion reactions, 
profound eectrolyte imbalance, catheter 
embolus, air embolus, hemothorax and pneu- 
mothorax, and possibly even pulmonary hy- 
pertensien related to high concentrations of 
particulete matter in IV solutions. And near 
the top of the list is sepsis. 


For all intents and purposes, the patient 
receiving IV therapy has a hollow conduit 
directly connecting his bloodstream with the 
outside word and its abundant microflora. 
One of the patient's most important host de- 
fenses is totally abrogated—the intact skin. 
IV therapy almost seems to comprise a dia- 
bolical experimental model for producing 
systemic inf2ction. Indeed, the current most 
popular animal model for studying bacterial 
endocarcitis consists of guiding a plastic 
catheter into the left heart of a rabbit and 


*Dr. Maki is Chief of the Infectious Disease Unit and Ovid Meyer Scholar in Clinical Medicine, University 


of Wisconsin Hospitals, Madison. 


Reprinted with permission from HOSPITAL PRACTICE and the author. 
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TABLE 1 
Potential Hazards of IV Therapy 


nX"-——— Oe o se» 
Septicemia 

Catheter-related 

Contaminated IV fluid or drugs 


Fluid overload leading to pulmonary edema 
Electrolyte imbalance syndromes 
Drug-related problems 
Adverse reactions (hypersensitivity, toxicity) 
Incompatibilities 
User errors (drug, dose, route) 
Adverse reactions to blood products 
Infusion thrombophlebitis 
Catheter embolus 


Complications of central venous catheters 
Air embolus 
Pneumothorax 
Hemothorax 
IV fluid hydrothorax 
Brachial plexus injuries 
Vascular injuries 
Cardiac perforation, tamponade 
Thromboembolism 


Foreign materials in fluid from the IV 
apparatus* 


Particulate matter 
Leached plasticizers 


Metabolic aberrations associated with total 
parenteral nutrition 


Hyperosmotic hyperglycemic coma 
Hyperchloremic acidosis 

Hyperammonemia 

Azotemia 

Hypovitaminosis and trace metal deficiencies 
Hypophosphatemic hemolytic anemia 
Hepatocellular derangements 

Fatty acid deficiencies 





*Health hazards posed by particulate matter (phle- 

bitis, pulmonary hypertension) and accumulation 
of plasticizers in tissues (oncogenesis) are sus- 
pected but not yet proved. 


transiently superimposing a bacteremia; en- 
docarditis develops almost uniformly. 


Fortunately, sepsis, like virtually all of 
the other IV therapy-related problems men- 
tioned above, is largely preventable. This 
fact provides the basis and is the motive for 
the discussion that follows, for we do not 
want to treat iatrogenic infections but to 
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prevent them. In this regard it is important 
to realize that despite the often spectacular 
advances medicine has made in the last few 
decades, the greatest reduction in mortality 
(and prolongation of life expectancy) oc- 
curred around the turn of the century, when 
the value of preventive medicine, with its 
stress on elementary public health measures, 
including antisepsis, began fully to be ap- 
preciated and widely and systematically ap- 
plied. This fact, I think, still has great rele- 
vance to events in hospitals today. 


Infusion therapy has been in use in this 
country for over 45 years and plastic venous 
catheters have been widely employed since 
1945, yet as recently as 1962 the idea that 
infusion-related infections might constitute 
a significant nosocomial hazard was largely 
ignored. The American Hospital Associa- 
tion's monograph of that year, Control of 
Infections in Hospitals, for example, did not 
even mention IV therapy as a potential 
source of infection. In the decade following 
1963, when the first prospective study of 
catheter-related infection was published, 
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Percent Causing Seplicemi 


Percent. Cid 


E 4 
Garaten of Cotheterizatiun days: 


Fic 2. As data combined from four pubished 
studies involving a total of 916 catheters show, 
there may not only be a positive correlation of 
culture positivity with duration of catheterization 
but a dramatic leap on the fourth day in the rate 
of associated septicemia. 


more than 40 groups of investigators focused 
attention on this long-neglected area. Re- 
cent outbreaks of sepsis traced to contami- 
nated IV fluids in this country and Great 
Britain have brought about even greater 
awareness of the iatrogenic perils of infu- 
sion therapy. In the discussion that fol.ows, 
the terms “infusion-related infection” and 
“TV-related infection” are used to designate 
infections caused by any part of the infusion 


ining iors 
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system, inc uding the venous cannula or IV 
fluid. Canrula is a general term that in- 
cludes all :ypes of plastic catheters—from 
2 inches tc 24 inches in length—and also 
steel needles (fig 3). 


CATHETER-RELATED SEPSIS 


Most of :he studies in this area have fo- 
cused on the most distal portion of the de- 
livery system, the cannula, particularly the 
plastic catheter, which is now used in about 
half of all I infusions. None, however, rigor- 
ously examined the possibility that fluid 
flowing threugh the catheter might be con- 
taminated. In addition, not all studies cul- 
tured catheters under optimal conditions of 
local asepsis. However, nearly all employed 
qualitative bacteriology. The amputated 
catheter tip was immersed in liquid media 
and growth of microorganisms was variably 
categorized as “contamination,” 'coloniza- 
tion," or "infection" (which designation was 
most approoriate is unknown). Some inves- 
tigators elected to exclude positive cultures 
with such skin commensals as bacillus spe- 
cies, dipktheroids, Staphylococcus albus, 
and Streptecoccus viridans. This judgment 
may no: heve been justified, since such or- 
ganisms prebably reach the catheter tip by 
the sams mechanisms as more virulent ones, 
and, while relatively avirulent, such skin 
flora can occasionally cause life-threatening 
systemie infection, particularly in the pres- 
ence of implanted foreign materials. 





Fic 3. One way to reduce risk of IV.related sepsis is to increase use of the steel scalp-vein needle 
(left, in center with anchoring flange, contrested with 214-, 8-, and 24-inch plastic catheters) in routine 
infusions. Although studies directly comparing steel vs plastic catheters are lacking, the risk of septicemia 
may be as much as 40 times higher with the latter. Photo at right shows Klebsiella pneumoniae-positive 
culture of plastic catheter tip that was removed from septicemic patieat. 
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Despite these limitations, rates of positive 
catheter cultures observed in these studies 
raged from 3.8% to 57%; rates of associated 
septicemia ranged from zero to as high as 
8%. As to the type of catheter, some inves- 
tigators noted particularly high rates of posi- 
tive cultures and sepsis in association with 
surgical cutdowns or percutaneously placed 
subclavian catheters; the highest rates were 
found in association with umbilical catheters 
in neonates. In general, although the inci- 
dence of culture positivity with percutane- 
ously inserted plastic catheters varied wide- 
ly from institution to institution, there was 
striking unanimity that the longer catheters 
were left in place, the higher the rates of 
positive catheter cultures and associated 
sepsis (fig 2). Specifically, when percu- 
taneous plastic catheters were left in longer 
than 48 hours, the incidence of catheter- 
related septicemia generally ranged between 
295 and 595, and in some hospitals it was 
as high as 8%. This observation is the basis 
of the most important measure for preven- 
tion of catheter-related sepsis: remove IV 
catheters whenever possible within 48 to 72 
hours of insertion. 


The most common isolates from catheters 
were Staphylococcus epidermidis, Staphylo- 
coccus aureus, gram-negative bacilli like 
klebsiella-enterobacter, serratia, and enter- 
ococci. These are all organisms that are com- 
monly found on the skin of hospitalized pa- 
tients, an observation that brings us to path- 
ophysiologic considerations and the first of 
the routes by which IV components can be- 
come contaminated and patients infected. 


We all normally harbor a luxuriant and 
predominantly gram-positive population of 
skin flora. But that population can turn pre- 
dominantly gram-negative under conditions 
that increase skin humidity, as is often the 
case with bedridden patients. Accordingly, 
the failure of rigorous disinfection at the in- 
fusion site increases the risk that either 
gram-positive or gram-negative skin organ- 
isms may be introduced into the catheter 
wound at the time the catheter is being in- 
serted or later, when organisms may migrate 
along the interface between catheter and 
tissue. 


The patient, however, is not the only pos- 
sible human reservoir of skin organisms that 
can contaminate an IV site. Studies in sev- 
eral hospitals have shown that besides car- 
rying the usual skin flora, the hands of over 
4095 of hospital personnel randomly sam- 
pled also had gram-negative bacilli, suggest- 
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ing that routine handwashing before and 
after every patient contact is often neglected 
or carried out in only the most perfunctory 
fashion. In a number of hospitals now, out- 
breaks of hospital-associated infection, pri- 
marily with S. aureus or gram-negative ba- 
cilli, have been directly linked to organisms 
carried on the hands of hospital personnel. 
In addition, an outbreak of klebsiella septi- 
cemia was traced to heavily contaminated 
hand lotion used by nurses; other investiga- 
tors have found that such lotions may be 
heavily contaminated with candida and 
gram-negative bacilli. 


Another factor to consider is whether the 
patient already has an infection elsewhere. 
A number of investigators have found that 
catheters inserted in infected patients be- 
came culture-positive and initiated septice- 
mia much more frequently than did cath- 
eters in noninfected patients. Ofter the or- 
ganism responsible for the infection was the 
same one later isolated from the catheter. 
By what mechanisms might this occur? One 
possibility is that a transient, clinically un- 
detected bacteremia spawned by a distant 
infection seeds the catheter with pathogenic 
organisms. Perhaps they are trapped within 
the loosely organized clot that almost uni- 
formly forms around the plastic catheter 
within 24 hours. However, these organisms 
may also enter the catheter wound from 
without in the process of manipulation of 
the apparatus, primarily by hospital person- 
nel but perhaps also by patients themselves. 
One study found that catheters removed be- 
cause of phlebitis, leakage, or infiltration 
had high rates of culture-positivity. It may 
be that the practice of irrigating or other- 
wise manipulating occluded, leaking, or in- 
filtrated catheters provides an opportunity 
not only for introducing contaminants but 
also for perpetuating infections. 


Based on these considerations, it is most 
prudent to view the insertion of an IV cath- 
eter as a surgical (albeit minor) procedure, 
in some situations (e.g., total parenteral nu- 
trition) to the extent of performing it only 
with sterile gloves and drapes and in a 
treatment room away from hospital traffic. 
Since one obviously cannot autoclave a can- 
nula insertion site, this means that chemical 
disinfection must be relied upon for effec- 
tive degerming. As such, strict adherence to 
the first tenet of chemical disinfection is im- 
perative: all organic material must first be 
removed, which in the case of IV therapy 
means that every bit of dead skin, dirt, 
blood, and mucus must first be scrubbed off 
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vigorously before applying the disinfectant. 
Even the best of disinfectants will be in- 
effective against microorganisms lying be- 
neath such debris. On the other hand, most 
IV sites are relatively hairless, and the pro- 
posal that the IV site routinely be shaved 
prior to catheter insertion can probably be 
regarded as unnecessary and possibly even 
self-defeating. In the first place, a relation- 
ship between the presence of hair and ecunts 
of bacterial skin flora has not been demon- 
strated. In the second place, there is evi- 
dence that local microecologic alterations re- 
sulting from shaving (i.e., abrasions) can 
influence the skin microflora. As to the con- 
sequences of such a change, a controlled 
study of surgical wound infection showed a 
10-fold reduction in infections when hair 
was removed with a depilatory instead of a 
razor; several other studies have now also 
affirmed the fact that shaving has an adverse 
influence on surgical wounds. 


Of the variety of disinfectants to choose 
from, iodine-containing agents are preferred. 
In vitro studies and clinical trials have 
shown that they are rapid-acting and highly 
effective bactericidal, fungicidal, and spora- 
cidal agents. Occasional patients may be al- 
lergic to iodine, but iodine burns, which 
used to be fairly common when 5% to 7% 
solutions were in use, are infrequent with 
the 1% to 2% solutions currently emplcyed. 
A solution of 1% iodine in water or in 70% 
alcohol (tincture of iodine) is inexpensive, 
highly effective, and seldom causes diseom- 
fort or burns, especially when washed o 30 
seconds after application. In sensitive pa- 
tients, iodophors may be substituted for 
tincture of iodine with little, if any, loss of 
efficacy. These should not be washed of in 
order to allow sustained release of free 
iodine, which may enhance the germicidal 
action. If no iodine-containing disinfectant 
can be used, 70% alcohol is an acceptable 
alternative provided one uses it vigorously 
and for at least one minute after washing 
the site. 


Aqueous benzalkonium chloride (which 
inexplicably is still popular in some hespi- 
tals) and other quaternary ammonium com- 
pounds should be avoided. First of all, these 
compounds are rapidly inactivated when 
they come in contact with protein or cellu- 
lose fibers. And aqueous benzalkonium chlo- 
ride in particular has been demonstrated to 
be ineffective against some gram-negative 
organisms, especially pseudomonas. If that 
is not indictment enough, contaminated 
aqueous benzalkonium chloride has been re- 
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sponsible for a number of hospital epidemics 
of pseudomonas and enterobacter septice- 
mia. 


Once :he site has been disinfected and the 
catheter inserted, care should be taken that 
the catbete- is firmly anchored in order to 
prevent excessive movement that might 
traumat ze the cannulated vein and also fa- 
cilitate the 2ntry of organisms into the cath- 
eter wound However, the site should not 
be wrapped so tightly that it cannot be 
readily inspected as necessary. In total par- 
enteral nutrition, for example, many insti- 
tutions with an enviably low record of com- 
plicating sepsis routinely inspect catheter 
sites every day, scrubbing with disinfectants 
and reabplring antimicrobial ointment. In 
conventional IV therapy such a rigorous 
protocol is logistically difficult without an 
IV team and may not be necessary, but sur- 
veillance is still in order. This can be ac- 
complished effectively and relatively simply 
by 1) recording without fail when the cath- 
eter was inserted (on the dressing and in 
the nurse's notes or the medication record) i 
and 2) by briefly seeing each patient daily, 
asking whether the site is painful, gently 
palpating over the cannulated vein for ten- 
derness or a cord, and checking for unex- 
plained fever. If any of these are present, 
the dressing should be removed and the site 
examined fcr signs of inflammation. A posi- 
tive finding in any of these areas constitutes 
a "suspect infusion," which must be imme- 
diately discontinued in toto. 


When local inflammation or unexplained 
fever are noted—and with all catheters that 
have been left in place longer than 48 hours 
—the ca£he:er should routinely be cultured 
at removal. We have found that rolling the 
amputated segment across a blood agar 
plate, in coatrast to the conventional tech- 
nique of culture in broth, provides an accu- 
rate assessment of local infection. Ninety 
percent of 250 catheters in our institution 
recently sampled by this method yielded no 
growth cr omly several colonies on the plate, 
whereas all catheters causing septicemia 
gave heavy growth, 1,000 colonies or greater. 


Sepsis wculd almost certainly be greatly 
minimized if all catheters were removed 
without fail after 48 hours, but this is sim- 
ply not elweys possible in patients with few 
peripheral veins and who medically must 
have a stab e route for venous access. An- 
other ap>roach is to try to lessen local con- 
tamination by applying a combination anti- 
biotic or an antiseptic ointment to the cath- 
eter site at the time of insertion and at 
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periodic intervals thereafter. The effect of 
such topical agents on decreasing the risk 
of infection is not conclusively known. Only 
a handful of studies have been done and the 
number of patients in each with catheter- 
related septicemia was relatively few. But 
taken together, the results of five studies 
(which all used the same agent) suggest 
that a topical antimicrobial is protective: 
ointment containing polymyxin, neomycin, 
and bacitracin significantly reduced the in- 
cidence of catheter-related septicemia. On 
the other hand, these studies also suggest 
that topical antibiotics can alter the popula- 
tion of organisms found on catheters, select- 
ing for drug-resistant, gram-negative bacilli 
or yeasts. The frequency with which candida 
was recovered increased with the use of the 
antibiotic combination, especially when cath- 
eters were left in longer than 72 hours. Con- 
ceivably, use of topical iodine-containing an- 
tiseptics that are active against all bacteria 
and fungi could obviate the hazard of super- 
infection. Clearly, large-scale studies are 
needed in this area. 


STEEL NEEDLES 


Steel needles, such as the popular “scalp- 
vein needles” widely used in pediatric serv- 
ices, generally have a smaller bore than most 
widely used plastic catheters, are usually 
easier to insert, and seem to cause substan- 
tially less phlebitis and infection than plas- 
tic catheters. There are, to be sure, many 
unanswered questions here. For example: 
How much safer, if at all, are the newer 
small-bore plastic catheters? What is the 
influence of such catheter materials as poly- 
ethylene, polyvinyl chloride, silicone, or 
Teflon on culture-positivity, septicemia, and 
phlebitis? Nevertheless, there is substan- 
tial evidence to indicate that scalp-vein nee- 
dles should be used much more frequently 
than they currently are. 


While a controlled comparison of needles 
and plastic catheters has not been done, 
combined data from eight prospective stud- 
ies of scalp-vein needles revealed only one 
associated bacteremia in more than 700 pa- 
tients, an incidence less than 0.2%. In con- 
trast, more than 20 published studies of plas- 
tic catheters have reported rates of septi- 
cemia ranging, as previously noted, from 0 
to 895. Scalp-vein needles do have to be 
replaced more frequently because they tend 
to infiltrate rather quickly. Thus, plastic 
catheters are indicated when a secure IV 
route is needed in critically ill patients. For 
elective IV infusion, however, scalp-vein 
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needles should be used in perhaps 8097 of 
instances rather than the prevailing 50%. 
Whether the crucial factor is that the small- 
er bore is less traumatic to veins, or that 
steel is less thrombogenic, or that the more 
frequent changes they require are respon- 
sible for their apparent greater safety is not 
known and should be investigated. The few 
reported cases of septicemia linked to scalp- 
vein needles have occurred primarily in pa- 
tients with cancer or who were otherwise 
significantly immunocompromised. 


SUPPURATIVE PHLEBITIS 


Suppurative phlebitis—also known as sep- 
tic thrombophlebitis—is the most dreaded 
and extreme form of catheter-related infec- 
tion, where the vein becomes a bag of pus 
discharging massive numbers of microorgan- 
isms into the bloodstream. Most reports 
have been from burn centers, since patients 
with full-thickness burns seem particularly 
vulnerable. Suppurative phlebitis is now 
among the leading causes of septic death in 
burn patients, superseding infections of the 
burn wound. Coagulase-positive S. aureus 
and, in recent years, multiply resistant gram- 
negative bacilli, especially klebsiella-entero- 
bacter, pseudomonas, and serratia, have been 
most frequently implicated. Recent studies 
have shown that in burn patients the process 
commonly also afflicts the great central 
veins, particularly the subclavian, ileofem- 
oral, and superior vena cava, and is related 
to centrally placed catheters. Central venous 
suppuration was found in 18% of burn pa- 
tient autopsies in one series; in this location 
such suppuration was almost uniformly 
lethal. Fortunately, in recent years, the fre- 
quency of suppurative phlebitis in burn pa- 
tients has been cut significantly by wide- 
spread and stringent adherence to the prac- 
tice of changing plastic catheters at frequent 
intervals. 


Suppurative phlebitis probably occurs to 
a significant degree, for the most part un- 
recognized, in nonburn patients, particularly 
in cannulations of the lower extremity. We 
have seen five cases in the past one and a 
half years in nonburn patients all of whom 
either were suffering from cancer or were 
receiving corticosteroids. Three cases oc- 
curred in association with lower-extremity 
cannulations, providing further evidence of 
a substantially greater risk of catheter-re- 
lated infection in this area, compared with 
arm-vein cannulations. 


Clinical recognition of suppurative phle- 
bitis may be very difficult, since local signs 
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of inflammation—particularly in burn pa- 
tients—are absent in as many as 7095 of 
cases. The usual manifestation is refractory 
and often overwhelming septicemia, com- 
monly first presenting several days after 
catheter removal. Perhaps the best way to 
diagnose venous suppuration is to routinely 
milk the vein from above outward, toward 
the catheter site, whenever a catheter is 
removed. If pus is expressed (and in m7 ex- 
perience it usually is if suppuration is pres- 
ent) and the patient appears to be septic— 
or when the diagnosis is suspected but ex- 
ternal examination is nonyielding—repre- 
sentative sections of the vein should be tak- 
en for bacteriologic and histopathologie ex- 
amination. If suppurative phlebitis is preved, 
the best hope for cure lies in total resection 
of the purulent segment and all its invclved 
tributaries. 


INFUSION PHLEBITIS 


Infusion phlebitis—inflammation of the 
cannulated vein, often associated with sec- 
ondary thrombosis—is an extremely com- 
mon sequela of IV therapy. Multiple studies 
have implicated a number of contributory 
factors. These include: 1) anatomic location 
—veins of the lower extremities, with their 
relatively sluggish blood flow, are more vul- 
nerable than more cephalad vessels. 2) 
length of time the cannula is in place—the 
longer the cannulation, the greater the risk; 
3) position of the catheter tip-—one study 
showed that central venous catheters, in- 
serted in the arm, that fed directly into the 
superior vena cava caused phlebitis less 
often than did the conventional catheters 
that terminated in the arm vein; 4) type of 
cannula material—-steel needles and certain 
polymers such as fluorethylenepropylene or 
silicone are substantially less phlebitozenic 
than polyvinyl chloride; 5) cannula ciam- 
eter—large-bore catheters tend to eause 
more phlebitis; and 6) type of infusate— 
glucose-containing solutions (especially 
when hypertonic) and certain drugs, such 
as methicillin, the cephalosporins, barbitu- 
rates, and cytotoxic agents, are very irritat- 
ing to the vein. 


Interestingly, most studies of catheter- 
related infection were able to demonstrate 
little correlation between positive cultures 
of catheter tips and phlebitis, and most in- 
vestigators have thus concluded that phle- 
bitis is primarily a physicochemical phenom- 
enon. However, we found that half of the 
patients with sepsis related to contaminated 
IV fluids in a recent nationwide outbreak 
manifested infusion phlebitis. This sepsis- 
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related 5hlebitis was often far more severe 
than the phlebitis that is not uncommon 
when plastic catheters are used, and it oc- 
curred even in patients who had only scalp- 
vein needles. Moreover, by using a semi- 
quantitative technique of culturing cathe- 
ters, which identified local infection, we re- 
cently found that infection of the catheter 
wound is strongly associated with local in- 
flammation. In all likelihood, phlebitis is 
multietiologic, and infection is only one-—— 
but an obviously important one clinically— 
of the many causative factors. Most patients 
with phlebitis obviously do not have sys- 
temic infection, but the presence of phlebitis 
connotes an 18-fold increased risk of related 
sepsis as compared with no phlebitis; ap- 
proximately one half of the patients with 
catheter-related septicemia will have phle- 
bitis. 


SEPSIS RELATED TO 
CONTAMINATION OF 
INFUSION FLUID 


Another major consideration in the de- 
velopment of infusion-related sepsis is the 
fluid itself, which may become contaminated 
either through a breakdown of asepsis dur- 
ing manufacture (intrinsic contamination) 
or durirg use in the hospital (extrinsic con- 
tamination}. 

Intrinsic contamination: A historic exam- 
ple of intrinsic contamination began in the 
summer of 1970 shortly after one manufac- 
turer began distributing fluids in bottles 
with a new elastomer-lined screw-cap clos- 
ure. By Deeember, reports began to accumu- 
late at the Center for Disease Control from 
U.S. hospitals of excessive numbers of cases 
of IV-associated septicemia. The major cau- 
sative organisms were Enterobacter cloacae 
and Enterobacter agglomerans (formerly 
known as erwinia); the latter organism had 
been a very rare cause of septicemia in 
human beings and was better known as a 
plant pathogen. (Just as the clinical rarity 
of these strains helped to expose the prob- 
lem in the frst place, so the possible patho- 
genic role of other more common organisms 
in causing IV-related septicemia is obscured 
by their clinical frequency). 


In a significant number of cases in which 
cultures had been done, the infecting organ- 
isms were found in large numbers within 
the patient's running IV fluid at the time of 
positive blood culture. When in-use IV sys- 
tems of two other major suppliers were sam- 
pled, about 5% to 10% were found to be 
contam:nated with a variety of organisms, 
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Fic 4. Long regarded as incapable of supporting microbial growth, 5% dextrose in water (D595/W), 
the most frequently used infusion fluid, was found to be a highly favorable medium for proliferation of 
51 strains of tribe klebsielleae organisms; in contrast, 49 strains of other bacteria and five strains of 


candida either grew slowly or died. 


but not by either E. cloacae or E. agglomer- 
ans. 'The cause of the epidemic was uncov- 
ered when frequent microbial contamination 
was shown to be present within the depths 
of the new closures. Forty percent of cap 
assemblies sampled from several thousand 
bottles of the involved manufacturer's stock 
were found to be contaminated by a wide 
variety of organisms, including the epidemic 
strains. As expected, these strains were sub- 
sequently found throughout the inanimate 
environment of the manufacturing plant. 


As a result of the investigation it was 
concluded that when the cap was removed, 
microorganisms in the cap liner or thread 
areas were afforded access into the fluid. 
Simply loosening, then retightening, the cap 
and shaking the bottle briefly—as was com- 
monly done in hospitals at that time during 
introduction of additives into fluids—trans- 
ferred contaminants from the cap to fluid 
over half of the time in a laboratory study 
(see “How the Septicemia Trail Led to the 
IV Bottle Cap," HP, August 1971). By 
March 1971 the situation was perceived as 
a nationwide outbreak involving at least 25 


hospitals and approximately 400 patients. 
The epidemic peaked in February and 
March of 1971 and was abruptly curtailed, 
but only after a nationwide recall of the 
affected product. 


Since this epidemic, three further out- 
breaks have occurred, two in England—one 
involving seven cases and the other 40 cases 
— and one in the U.S. The lesson of the first 
U.S. epidemic proved extremely valuable: 
although the implicated products were dis- 
tributed nationally, the second U.S. out- 
break was detected and a recall put in effect 
so rapidly that only five cases were identi- 
fied. It can be anticipated that outbreaks of 
infection due to intrinsically contaminated 
infusion products will continue to occur in 
the future. However, continued efforts to 
increase the sensitivity of quality control 
practices in industry, expanded nationwide 
programs of surveillance of nosocomial in- 
fection that can reliably detect events of low 
frequency in widely scattered hospitals, and 
greater awareness on the part of hospitals 
and physicians can lessen their frequency 
and impact. 


Fiia 


Editor's Choice 


Extrinsic contamination: A pertinent fall- 
out of our investigations during the first 
U.S. outbreak was the realization that mi- 
croorganisms of extrinsic origin are common- 
ly present in all manufacturers’ in-use IV 
fluids. Their presence is related to the many 
manipulations of the system, such as the 
addition of medications to the bottle or iie, 
changing bottles or bags, and the use of 
stopcocks and pressure monitors. We fcund 
that the IV fluid of approximately 49?5 to 
10% of in-use infusions contained culturable 
microorganisms. Usually these were only 
very low concentrations ( «1 organism/ml) 
of relatively avirulent organisms (primarily 
skin commensals such as Staphylococcus 
epidermidis and bacillus species). Presence 
of contamination was directly related te the 
duration of uninterrupted infusion. With 
rare exceptions, only members of the tribe 
klebsielleae (TK) —klebsiella, enterobacter, 
and serratia— were found in concentrations 
exceeding 10 organisms/ml. Moreover, the 
major pathogens in the ongoing nationwide 
outbreak and in the few prior published re- 
ports of septicemia attributed to extrinsic 
contamination of IV fluid were members of 
TK. The question was: Why these organ- 
isms? 





To begin to answer the question we must 
first consider that IV therapy is virtually 
synonymous with 5% dextrose (glucose) in 
water (D5%/W); it and other glucose-con- 
taining solutions are by far the most fre- 
quently used infusion products in hospitals. 
In the 1970-71 epidemic, for instance, more 
than 9095 of affected patients received glu- 
cose-containing solutions. 


Commercially available D595/W might 
be characterized at first glance as a relative- 
ly minimal microbiologic media. It is acidic 
and its only possible nitrogen source is dis- 
solved atmospheric nitrogen, while glucose 
and a dissolved CO, comprise the only car- 
bon sources. Theoretically, the absence of 
organic nitrogen should be sufficient to pre- 
vent microbial growth. For most organisms 
this is probably true, yet it has long been 
known that many TK members are able to 
fix atmospheric nitrogen. As to another 
seeming impediment to microbial growth, 
the relatively low (room) temperature of 
the medium, it had been shown that TK. or- 
ganisms are facultative psychrophiles, i.e., 
they grow well at or below room tempera- 
ture. 


With these observations in mind, in Janu- 
ary 1971, W. T. Martin and I studied the 
growth properties of 51 strains of TK, five 
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strains cf Candida albicans, and 49 strains 
of non- TK bacteria, including E. colt, herel- 
lea species (new nomenclature, acinetobac- 
ter). Pseudemonas aeruginosa, proteus spe- 
cies, and staphylococci, in the four major 
commercial brands of D595/W at 25? C. All 
strains, clinical isolates from human infec- 
tions, were first washed to remove organic 
sources of nitrogen. We found that 50 of 
the 51 TK strains proliferated rapidly in all 
four brands, going from normalized zero- 
time concentrations of 1 organism/ml to 
100,000 organisms/ml in only 24 hours. In 
contrast, 48 of the 49 non-TK strains either 
failed to grow or died over 48 hours. The 
five strains of C. albicans grew only very 
slowly, reaching a mean normalized 24-hour 
concentration of about 30 organisms/ml. 
Turbidity cr other evidence of microbial 
growth visible to the unaided eye could not 
be detected at any time, even at 48 hours 
when mzny strains of TK had attained con- 
centraticns exceeding 109/ml. (Of note, 
molds, usually entering through minute 
cracks im the bottles, may cause faint tur- 
bidity o^ fiimy precipitates.) Attempts to 
demonstrate significant growth with repre- 
sentatives of the same cast of organisms in 
normal saline were unsuccessful. Recent 
evidence from other laboratories suggests 
that P. aeruginosa grows well in distilled 
water and Pseudomonas cepacia may be one 
of the rare non-TK species able to prolifer- 
ate in D595/W. 


The import of these findings, I think, is 
that now, in addition to the cannula, IV 
fluid itself must be recognized as a signifi- 
cant potential source of nosocomial sepsis, 
in which tribe klebsielleae organisms may be 
expected to predominate. The available evi- 
dence suggests that sepsis caused by con- 
tamination ef IV fluid —whether extrinsic or 
intrinsic—is a low-frequency event, and as 
such is usuelly unrecognized as due to the 
infusion or is attributed to the cannula. Over 
the last 10 to 15 years the incidence of sep- 
ticemia caused by members of TK, especial- 
ly Klebsiella pneumoniae, Enterobacter 
aerogenes, and Serratia marcescens, has ris- 
en dramatically. In the main this trend has 
been attributed to changing patterns of bac- 
terial resistance related to ever-increasing 
use of antimicrobials. It should be recog- 
nized, hcwever, that in recent years the use 
of IV therapy has also increased dramati- 
cally. 


Recognizing the cumulative nature of in- 
use contamination of IV fluid and the explo- 
sive growth potential of tribe klebsielleae 
organisms, the simplest and most logical 
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TABLE 2 


Microbial Pathogens Associa- 
ted with IV-Related Sepsis 


Conventional IV therapy 


Staphylococcus aureus 
(about 50%) 

Klebsiella-enterobacter 

Serratia 

Enterococcus 

Pseudomonas aeruginosa 


Cannula 


Tribe klebsielleae (90%) 
Klebsiella 
Enterobacter* 
Serratia 

Pseudomonas cepacia 

Citrobacter freundii 
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Tota! parenteral nutrition 


Candida species (50%) 
Torulopsis glabrata 

S. aureus 
Klebsiella-enterobacter 
Enterococcus 


*in particular, septicemia caused by 
E. cloacae or especially £. aggiomerans 
should prompt search for a contaminated 
IV fluid source 





way to reduce the incidence and impact of 
either intrinsic or extrinsic contamination 
of IV fluid is to routinely change all bottles 
or bags and delivery apparatus every 24 
hours (at the maximum every 48 hours), 
and at each change of cannula to totally re- 
place all infusion equipment. 1 do not ac- 
cept the proposal that in order to reduce the 
risk of infusion phlebitis, intrinsically acidic 
solutions such as D595/W should be rou- 
tinely buffered with sodium bicarbonate 
before use. This act adds one more point at 
which iatrogenic organisms can be intro- 
duced by hospital personnel. Moreover, we 
have found that neutralization broadens the 
spectrum of organisms capable of proliferat- 
ing in glucose-containing fluid, adding pseu- 
domonas and acinetobacter as potential 
pathogens. In addition, minute quantities of 
blood buffer IV fluid and also provide or- 
ganic nutrients for more fastidious organ- 
isms that would otherwise be incapable of 


growth. Accordingly, we have recommended 
that following administration of blood prod- 
ucts, the entire delivery system be replaced. 


Terminal in-line 0.22- to 0.45-micron 
membrane filters have been developed and 
advocated to reduce the risk or sepsis from 
contaminated fluids. A 0.45-micron filter 
permits the passage of pseudomonas and 
occasional other gram-negative bacilli, and 
thus a 0.22-micron filter is necessary to re- 
move all bacteria; however, a pump is usu- 
ally then required to assure continuous flow. 
Although promising on a theoretical basis, 
no controlled study in a sufliciently large 
population to assess the efficacy of filters 
in preventing sepsis has been reported. 
Moreover, the manual manipulation of the 
delivery system needed to install the filter 
for use adds one more opportunity for ex- 
trinsic contamination. A recent uncontrolled 
study found a fourfold increased rate of 
sepsis in patients on total parenteral nutri- 
tion in whom filters were used. Although 
filters may ultimately prove of greater value 
in removing particulate matter and reduc- 
ing infusion phlebitis, further studies are 
needed. 


Preparation and compounding of paren- 
teral solutions are probably best done under 
optimal conditions of asepsis in a central 
pharmacy rather than by a heterogeneous 
population of nurses on the ward. Without 
question, airborne contamination can be 
virtually eliminated in laminar flow hoods 
in such an area. Since touch contamination 
is probably a much greater source of fluid 
contamination, however, there remains the 
nagging fear that a break in aseptic tech- 
nique in the pharmacy could expose a large 
number of patients to contaminated prod- 
ucts. The interval between preparation and 
use of pharmacy-prepared solutions also 
provides opportunity for multiplication of 
any introduced organisms. Nonetheless, 
these hypothetical concerns are probably 
greatly outweighed by the inherent benefits 
of a more standardized approach to asepsis 
and quality control. A marked reduction in 
drug incompatibilities and medication errors 
can also be expected with central prepara- 
tion of solutions. For such reasons, the 
USP’s National Coordinating Committee on 
Large Volume Parenterals recently went on 
record as recommending that all parenteral 
solutions (except in medical emergencies) 
be prepared by pharmacists in a designated 
central area of the hospital (Am J Hosp 
Pharm 32:261, 1975). 





Editor's Choice 


SEPSIS AND TOTAL PARENTERAL 
NUTRITION 


In 1966, Dudrick and his coworkers Gem- 
onstrated the feasibility of maintaining pos- 
itive nitrogen balance by a totally paren- 
teral route of alimentation, using hypertonic 
glucose solutions (see “Long-Term Paren- 
teral Feeding,” HP, October 1968). In the 
past five years, this therapeutic modality has 
proved highly effective and often lifesaving 
for patients with severe and prolonged but 
reversible states of gastrointestinal com- 
promise. The iatrogenic complications asso- 
ciated with this therapeutic modality have 
been many, but, except for sepsis, generally 
not of life-threatening consequence. 


In most respects, the problems with sep- 
sis encountered in total parenteral nutrition 
(TPN) are the same ones associated with 
conventional IV therapy but greatly mag- 
nified. In the early years, from 1969-73, the 
rate of septicemia associated with TPN was 
as high as 23% to 27% in some hospitals. 
Even centers with formal training programs 
and presumable special expertise had rates 
as high as 7%. Approximately 50% of septi- 
cemias were caused by C. albicans, and 
many were fatal. More recent studies have 
now shown convincingly that TPN may be 
delivered with only a 1% to 2% risk of 
sepsis (see S. J. Dudrick et al, “Long-Term 
Parenteral Nutrition: Its Current Status,” 
HP, May 1975). However, the history of 
this TPN reveals a grimly documented po- 
tential for disastrous infectious complica- 
tions that must be recognized. 


One reason, of course, is that by defini- 
tion, TPN patients are critically ill and mal- 
nourished, and many are also on immuno- 
suppressive drugs. Moreover, the solutions 
themselves can induce abnormalities in neu- 
trophil number and function, related to 
folic acid and phosphate depletion respec- 
tively. Another reason is that TPN catheters 
must be left in place in these debilitated 
patients for prolonged periods of time. Be- 
cause the hypertonic solutions involved are 
highly irritating to peripheral veins, the pro- 
cedure requires cannulation of the central 
circulation, an undertaking with its own 
complications (pneumothorax and vascular 
injuries, in the main) and not to be re- 
peated unnecessarily in the same patient. 


Here again, however, we find ourselves 
addressing the question of the nature of the 
fluid, for our studies of the growth of micro- 
organisms in conventional IV fluid have been 
extended to TPN solutions by Goldmann. 
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The results show that C. albicans, T. gla- 
brata, S. marcescens, and K. pneumoniae, 
and some strains or S. aureus proliferate 
exuberantlv in a commercial solution pre- 
pared from casein hydrolysates and 50% 
dextrose. among these organisms, however, 
only candica and torulopsis were able to 
grow in a ccmmercial synthetic amino acid- 
dextrose solution (albeit more slowly than 
in the first medium). The ability of can- 
dida to proliferate well in these solutions 
is particula-y intriguing, since the organ- 
ism has been a major pathogen in TPN; it 
is perhaps all the more suggestive in light 
of the demonstrated slow growth of candida 
in conventional IV fluid (D5%/W) and 
the relative rarity of candidemia in patients 
receiving conventional IV therapy. 'The evi- 
dence, however, is not yet conclusive and 
these other points must be raised: patients 
with comprcmised immune states are known 
to be particularly susceptible to fungal in- 
fection; antibiotic ointments (as noted) may 
alter the microbiologic flora of the skin and 
may predispose to fungal colonization; and 
occlusive dressings used in the care of TPN 
catheters may do the same, probably by 
increasing local humidity, thereby favoring 
proliferatior. of fungi 


The most recent experience with TPN has 
shown that na stringent program of asepsis 
—in which for example, TPN catheters 
were used exclusively for TPN and not also 
to infuse drags or to draw or infuse blood — 
the risk of associated infection can be re- 
duced to less than 595, optimally, as noted, 
to 175 to 275. A corollary of this experi- 
ence might be advanced: hospitals that ad- 
minister total parenteral nutrition with rates 
of sepsis substantially exceeding 597 ought 
seriously to reassess their program or even 
consider discontinuing it. 


How can nfection control be implemented 
most effectively here? It now appears that 
crucial to the success of any TPN program 
is formation of a TPN team. At the very 
least, this rr eans one or more nurses, a phy- 
sician, a pEarmacist or other staff member 
trained in the preparation of TPN solutions, 
and, if possible, a surgeon, a bacteriologist, 
and a pays cian with an interest in infecti- 
ous discases. The TPN team is solely re- 
sponsible fer teaching the principles and 
techniques ef infection control to physicians 
and nurses eharged with administering TPN 
solutions. It is an operation best run ac- 
cording to a detailed written protocol that 
spells out all control measures. Solutions 
for TPN mist be prepared by a centralized 
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pharmacy admixture service in a laminar 
flow hood rather than by a mixed group of 
nurses on the ward. 


IV TEAMS 


In my view, this kind of thinking is di- 
rectly translatable to infection control in 
conventional IV therapy. The first step is 
recognition by all medical personnel that 
IVs are potentially dangerous. The second 
step is the institution of surveillance proce- 
dures. 


This takes us to the concept of the IV 
team, which is gaining currency nationwide. 
Like the TPN team, the IV team has the 
exclusive responsibility for providing a uni- 
form standard of aseptic care. Its members 
are assigned to handle the delivery of IV 
therapy at every step down the line—from 
fluid preparation to cannula insertion to 
daily maintenance. Such a group of trained 
and highly motivated individuals could sig- 
nificantly reduce the risk of infusion-related 
sepsis. Undoubtedly, steel needles rather 
than plastic catheters would be used more 
often. Regular surveillance of all infusions 
would permit optimal maintenance care 
such as has been described above and im- 
mediate removal of catheters when there is 
malfunction, phlebitis, or suspected sepsis. 
An IV team would also promote earlier rec- 
ognition of sporadic infections as well as 
emerging epidemics, and provide the hospi- 
tal with a useful tool for controlled evalua- 
tion of new infection control measures. Of 
course, scattered groups of individuals can 
attempt to do the same, but the question is 
"how well?" As yet, no study has directly 
compared by random allocation the com- 
plications of infusions maintained by a team 
vs those maintained by ward personnel. But 
I suspect that the difference between the 
two could be shown to be substantial. 


RECOGNITION AND MANAGEMENT 
OF INFUSION-RELATED SEPSIS 


Although the most stringent program of 
prevention and most fervent compliance will 
substantially reduce the incidence of infu- 
sion-related sepsis, sporadic infections, albeit 
rare, will undoubtedly continue to occur. A 
favorable clinical outcome hinges upon early 
recognition and prompt institution of appro- 
priate therapy (obviously most important 
is removal of the indicted infusion). 


Clinically, infusion-related sepsis is in- 
distinguishable from sepsis of other etiolo- 
gies: abrupt onset with extreme fevers, bed- 
shaking rigors, and hypotension are often 
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dramatic, but non-specific gastrointestinal 
and neurologic symptoms can easily divert 
attention away from the infusion. Glucose 
intolerance in patients receiving TPN, par- 
ticularly in infants or when it is progressive, 
must be regarded as a harbinger of occult 
TPN-related sepsis until proved otherwise. 
When present, phlebitis is very suggestive 
of an IV-related origin of infection, but it is 
actually absent half of the time. Ironically, 
this is especially the case with venous sup- 
puration. Sometimes one is aided in diag- 
nosis by the fact that there is no other obvi- 
ous site of infection and the patient is an 
unlikely candidate for sepsis (often young 
or in good health). However, we have found 
in a recent study that catheter-related sepsis 
in an intensive care unit population can be 
extremely occult. Often it is attributed to 
pneumonia, urinary tract or surgical wound 
infection, or simply considered cryptogenic 
and treated empirically. Very characteristic 
of infusion-related sepsis is its refractoriness, 
despite intensive antimicrobial therapy, un- 
til the offending infusion has been removed. 
In the 1970-71 nationwide outbreak, 17 of 
19 patients in one hospital continued to 
have positive blood cultures after 24 hours 
or more of gentamicin therapy, until their 
infusions were fortuitously or intentionally 
removed. 


If infusion-related sepsis is suspected, be- 
sides obtaining blood from a separate vein 
for culture, discontinuation of the entire 
infusion including all delivery apparatus 
and the cannula is mandatory, and the can- 
nula and samples of infusion fluid should be 
cultured. The site should be examined for 
purulence, which if present should be gram- 
stained and cultured, and in such instances, 
exploratory venotomy should also be con- 
sidered. 


Although infusion-related sepsis often re- 
solves without antimicrobial therapy follow- 
ing removal of the entire offending infusion, 
systemic antimicrobials should be adminis- 
tered to seriously ill patients. Drug selection 
is occasionally guided by the results of prior 
blood cultures or gram-stained smears of 
purulence; however, if these are unavailable 
—and they usually are—antimicrobial com- 
binations effective against microorganisms 
known to be commonly associated with both 
catheter- and infusion-related infection are 
indicated. A combination of a penicillinase- 
resistant semisynthetic penicillin (e.g. 
methicillin) or a cephalosporin (e.g., cepha- 
lothin) and an aminoglycoside, such as gen- 
tamicin, is effective against the most fre- 
quently implicated bacterial pathogens. In 
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general, empiric antifungal therapy ir the 
initial regimen is rarely necessary or desir- 
able; objective evidence of systemic infec- 
tion (based on positive blood cultures, pres- 
ence of candida in pleural, ascitic, joint, or 
cerebrospinal fluid, histopathologic confir- 
mation, ophthalmoscopic signs of retinitis, 
repeated recovery of candida from multiple 
anatomic sites, or positive serologic tests) 
is usually required before initiating therapy 
with amphotericin B or 5-fluorocytosine. 


SELECTED READING 


Duma RJ, Warner JF, Dalton HP: Septicemia 
from intravenous infusions. N Engl J Med 284: 
257, 1971 


Maki DG, Goldmann DA, Rhame FS: Infection 
control in intravenous therapy. Ann Intern Med 
79:867, 1973 


153 


iolddmanp DA, Maki DG: Infection control in 
total parente:al nutrition. JAMA 223:1360, 1973 


Maki DG, Anderson RL, Shulman JA: In-use 
contaminatior of intravenous infusion fluid. Appl 
Microbiol 28:778, 1974 


Maki DG. Martin WT: Nationwide epidemic of 
septicemia ecused by contaminated infusion prod- 
ucts. IV. Grewth of microbial pathogens in fluids 
for intravenous infusion. J Infect Dis 131:267, 1975 


Mackel DC, et al: Nationwide epidemic of septi- 
cemia caused by contaminated intravenous prod- 
ucts: mechan:sms of intrinsic contamination. J Clin 
Microbiol 2:486, 1975 


Maki DG, Rhame FS, Mackel DC, Bennett JV: 
Nationwide 2pidemic of septicemia caused by 
contaminated intravenous products. I. Epidemi- 
ologic and clmical features. Am J Med (in press) 


Stein JM, Pruitt BA: Suppurative thrombo- 
phlebitis—a ethal iatrogenic disease. N Engl J 
Med 282:1452, 1970 


AORTIC CROSS-CLAMPING. Cireulstory measurements before and after infrarenal 
aortic cross-clamping for abdominal aneurysm resectior were obtained in patients 


with or without severe coronary artery disease (CAD). 


Clamping increased blood 


pressure similar amounts in both greups but central venous and pulmonary artery 
occlusion pressure (PA,) increased only in patients with CAD. Three of 10 patients 
with CAD manifested electrocardiographic evidence of myocardial ischemia and also 
had the greatest increases in PA,. Sodium nitroprusside was used to reduce filling 
pressure without systemic hypotension and this was accompanied by normalization of 
the cardiogram in 2 of the 3 patients, No measurement before cross-clamping predicted 
an ischemic response but acute increases in heart filing »oressures (7 torr or greater 
increase in PA,) were most often associated with myocarcial ischemia. Left ventricular 
filling pressure should be monitored im patients with severe CAD when aortic cross- 
clamping is planned and vasodilator therapy utilized zc treat elevated preload or 
afterload. (Attia RR, Murphy JD, Snider M et al: Myocardial ischemia due to infra- 
renal aortic cross-clamping during aortic surgery in patients with severe coronary 


artery disease. Cir 53:961-965, 1976) 
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Acupuncture Constitutes the Practice of Medicine 


JA emornaree who used acupuncture 
to treat a patient was properly con- 
victed of practicing medicine without a 
license, the Ohio Supreme Court ruled. 


The chiropractor treated an undercover 
State Medical Board investigator for a 
feigned bursitis ailment. The treatment con- 
sisted of insertion of small needles into the 
patient’s shoulder. The Medical Board then 
filed a complaint charging him with the un- 
lawful practice of medicine. A jury found 
him guilty, but an appellate court reversed 
the conviction on the ground that the chiro- 


practor’s license only prohibited him from 
performing major surgery. 


Reversing the appellate court’s decision, 
the Ohio Supreme Court said that acupunc- 
ture constituted the practice of medicine. 
The chiropractor’s license was limited to 
detecting and adjusting “vertebral subluxa- 
tions” by hand only. Use of acupuncture in 
the treatment of patients was beyond the 
scope of his license, the Supreme Court said. 
The appellate court’s decision was reversed. 
—State of Ohio v. Rich, 339 N.E.2d 630 
(Ohio Sup.Ct., Dec. 24, 1975) 


Reprinted by permission from THE CITATION, published by the Law Division of the American Medical 


Association. 
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We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 


Rochester, Minnesota 55901. The names 
of those submitting questions will remain 
anonymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 


Ronald W. Dunbar, M.D. 
Contributing Editor 
Atlanta, Georgia 


QUESTION: Frequently I see athletes 
breathing O. after severe exertion or fire- 
men breathing O. after exposure to fumes 
(CO, HCl, phosgene) encountered in a burn- 
ing building. Does breathing O. materially 
aid the athlete or fireman? 


MD, Michigan 


ANSWER £1: Compensatory mechanisms 
in the athlete include cardiovascular and 
ventilatory, and are adequate in the healthy, 
exercising athlete breathing air at sea level. 

Studies during exercise indicate that the 
cardiac output is increased primarily by in- 
creased pulse rate; the increased availabil- 
ity of O. in the exercising athlete breathing 
room air results from an increased flow of 
blood which has near-normal PaO., values. 
However, characteristic of the exercise state 
is an increased alveolar PO. resulting from 
hyperventilation, thus widening the alveolar- 
arterial PO, difference. Exercise producing 
consumption of about 3 L/min results in an 
A-aDo, of approximately 24 torr.! 


At altitude, where inspired O., concentra- 
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tion is lowered, the widened A-aDo. may 
not allow a normal PaO,. An alveolar PO, 
of 110 torr at sea level is approximately 
halved at an altitude of 10,000 feet. A “dif- 
fusion” cefect may result from the lowered 
alveolar PO., increased transit of blood, 
and decreased time of exposure of blood in 
the lungs to alveolar gas. In that situation, 
O., breathing in the exercising athlete would 
be quite helpful in improving arterial de- 
saturation that indeed might occur. 


The inhalation of smoke and toxic fumes 
may produce airway and parenchymal lung 
damage; burning synthetic plastics have 
been found to produce complex toxins as 
well as CO, and carbon monoxide.” The 
inhalation of O. would seem desirable if 
initial levels of carboxyhemoglobin are high: 
a disappearance rate of COHgb to 50 per- 
cent of initial levels in approximately 2 
hours with spontaneous breathing has seemed 
to be favorably affected in patients in whom 
ventilatory assistance and supplemental O., 
were prcvided.? 


John T. Bonner, MD 

Department of Anesthesiology 

Emory University School of 
Medicine 

Atlanta, Georgia 
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ANSWER #2: The question as stated in- 
volves three major issues. The clinical im- 
plications of decreased oxygen carrying ca- 
pacity associated with carbon monoxide 
poisoning are well understood. The poten- 
tial parenchymal damage secondary to the 
inhalation of noxious gases, with the subse- 
quent development of respiratory failure, 
has been accepted since its documentation 
following the Cocoanut Grove night club 
fire in Boston in 1942.! The physiologic ef- 
fects of breathing supplemental oxygen by 
athletes following severe exertion, however, 
remains an unanswered and intriguing ques- 
tion. No direct evidence deals specifically 
with the immedate postexercise period. The 
following data is based upon the physio- 
logic effects of an increased PaO. during 
exercise and at rest. 
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Pulmonary ventilation is controlled by 
the reticular formation in the brain stem. 
Factors which increase reticular formation 
activity are: increased rate of neural stimu- 
lation from joint receptors and increased 
proprioceptive impulses during exercise; in- 
creased PaCO, detected by chemoreceptors; 
decreased PaO., detected by aortic and caro- 
tid bodies; and increased temperature of the 
hypothalamus. 


Severe exercise causes an increase in neu- 
ral stimulation from joints, proprioceptive 
receptors, and chemoreceptors, due to an- 
aerobic metabolism and increased metabolic 
rate. PaO, is minimally affected by exer- 
cise. Asmussen and Nielsen? studied the ef- 
fects of breathing 100 percent O, during the 
performance of heavy work and found a 
decrease in pulmonary ventilation and a de- 
crease in blood lactic acid. There was no 
change in pH or SaO, as compared to con- 
trols performing heavy work breathing room 
air. These investigators postulated that 
breathing 100 percent O. during heavy exer- 
cise decreased neural activity from the 
chemoreceptors, resulting in a decreased 
reticular formation activity and subsequent 
decrease in pulmonary ventilation. 


Supplemental breathing of 100 percent O, 
in the athlete following severe exercise could, 
therefore, be expected to decrease minute 
ventilation as well as decrease the level of 
lactic acid by reducing the degree of anae- 
robic metabolism. 'The decreased ventilation 
would decrease the rate of excretion of CO», 
resulting in an increased PaCO,. Since cere- 
bral blood flow is directly proportional to 
the PaCO,, there would be a resultant in- 
crease in cerebral blood flow, with a conse- 
quent increase in O, transport to the brain. 
The athlete would have less of a feeling of 
dyspnea due to the reduction of ventilation. 


The cardiovascular effects of breathing 
100 percent O, have been studied by numer- 
ous investigators. Hughes' group? showed a 
decrease in cardiac output, heart rate, and 
blood lactate levels in individuals perform- 
ing exercise while breathing increased O, 
concentration. Ishikawa and coworkers: 
showed a decrease in myocardial contractil- 
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ity as well as a presumed decrease in myo- 
cardial O. consumption in patients breath- 
ing 100 percent O». In healthy individuals, 
Henderson and Hillestad? showed that 
breathing increased O. concentrations re- 
sulted in decreased myocardial contractility 
as well as increased peripheral resistance. 


One would postulate from these studies 
that the athlete breathing 100 percent O,» 
after severe exertion would have a decreased 
cardiac contractility, a decreased heart rate, 
and a decreased myocardial O, consumption. 
The beneficial effects of decreasing the myo- 
cardial O, consumption by decreasing myo- 
cardial contractility would be partially offset 
by the increase in afterload resulting from 
the increase in total peripheral resistance. 


In summary, the result of these effects 
should allow the athlete to correct any tis- 
sue O, debt more rapidly, experience a de- 
creased sensation of dyspnea, have a de- 
creased myocardial O, consumption, and 
have an increased cerebral blood flow and 
O., delivery. These effects would seem basi- 
cally to be beneficial. 


Henry L. Bethea, MD 
and 
Joseph C. Gabel, MD 
Department of Anesthesiology 
University of Mississippi 
Medical Center 
Jackson, Mississippi 
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Monday, March 7, 1977 - Scientific Program 


Chairman: Emerson A. Moffitt, M.D., Halifax, Nova Scotia, 
Vice Chairman of Board of Trustees, I.A.R.S. 


EFFECT OF KETAMINE ON NORMAL AND ISCHEMIC MYOCARDIUM 


* J. G. Reves, M.D. W. A. Lell, M.D. 
Wilhelm Erdmann, M.D. Robert Karp, M.D. 
M. King, B.S. 


Discussor: Carl C. Hug, Jr., M.D. 


HEMODYNAMIC MEASUREMENTS DURING INDUCTION WITH 
DIAZEPAM-KETAMINE IN PATIENTS UNDERGOING OPEN HEART 
SURGERY 


*P. R. Dhadphale, M.B. M. L. Callaghan, M.D. 
A. P. F. Jackson, M.B. S. Alseri, M.D. 


Discussor: C. J. Kopriva, M.D. 
PROLONGED ADRENAL RESPONSE IN PATIENTS UNDERGOING 


VALVE REPLACEMENT SURGERY COMPARED TO AORTA-CORONARY 
BYPASS SURGERY 


Adel A. EI-Etr, M.D. Roque Pifarre, M.D. 
Silas N. Glisson, Ph.D. — *Kanteerava Balasaraswathi, M.D. 


Discussor: Theodore H. Stanley, M.D. 
A DETAILED STUDY OF EXTENSIVE EXPERIENCE WITH ANESTHESIA 
FOR ISCHEMIC HEART DISEASE 


*Sharon S. Storey, Jr., M.D. 
John V. Richey, M.D. 
Roy D. Wilson, M.D. 


Discussor: Joel A. Kaplan, M.D. 
— — — INTERMISSION — — — 
CARDIOVASCULAR EFFECTS OF NITROUS-OXIDE DURING LIGHT, 


MODERATE AND DEEP HALOTHANE ANESTHESIA IN MAN 


*Gary E. Hill, M.D. Wen-Shin Liu, M.D. 
Judd Lunn, M.D. Theodore H. Stanley, M.D. 


Discussor: Edmund l. Eger, III, M.D. 
CARDIOVASCULAR EFFECTS OF BONE CEMENT DURING 
NORMOTENSIVE AND HYPOTENSIVE ANESTHESIA 


*Nabil R. Fahmy, M.D. 
William H. Harris, M.D. 
M. Elizabeth Cote, C.R.N.A. 


Discussor: Tamas Kallos, M.D. 


*Will present paper. 
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Monday, March 7 - Scientific Program 


Chairman: Edwin S. Munson, M.D. Gainesville, Florida, 
Member of Board of Trastees, LA.R.S. 


FACTORS WHICH MODIFY THE RESPOMSE TO SODIUM 
NITROPRUSSIDE 


“Normand A. Tremblay, M.D. L. W. Davies, M.B. 
D. Kadar, Ph.D. G. Volgyesi, B.Eng. 
D. J. Steward, M.B. 


Discussor: Noel W. Lawson, M.D. 


UPTAKE AND BIOTRANSFORMATION OF 1-CHLORO-2-METHOXY-1,2,3,3 
TETRAFLUOROCYCLOPROPANE (COMPCUND 26-P) IN MAN 


*Maria C. Jardines, M.D. 
William H. Greenwood, M.D. 
Duncan A. Holaday, M.D. 


Discussor: Stephen N. Steen, M.D. 


DEAD SPACE REQUIREMENT DURING CONTROLLED VENTILATION 
UNDER ANESTHESIA 


*Kathleen C. Hittner, M.D. 
Woo Young Park, M.D. 


Discussor: John B. Downs, M.D. 


IS YOUR VAPORIZER REALLY OFF? 
Thomas L. Cook, M.D. 
Discussor: Robert M. Epstein, M.D. 


— — — INTERMISSION — — — 


VENTILATORY DEPRESSION FOLLOWISG INTRAVENOUS 
ALPHAPRODINE IN VOLUNTEERS 


*Dennis L. Fung, M.D. Joseph H. Asling, M.D. 
John H. Eisele, M.D. Richard Martucci, M.A. 


Discussor: A.B. Dobkin, M.D. 


DISPOSITION OF FENTANYL IN DOGS CORRELATION WITH 
VENTILATORY DEPRESSION 


*Carl C. Hug, Jr., M.D., Ph.D. 
Michae! R. Murphy, M.D. 


Discussor: John Rigg, M.D. 


*Will present paper. 
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Monday, March 7 - Scientific Program 


Chairman: John J. Savarese, M.D., Boston, Massachusetts, 
Contributing Editor, *Anesthesia and Analgesia" 


Fifteenth Annual Baxter-Travenol Lecture 
T. H. Seldon, M.D., Recognition Address: 


Introduction: J. T. Martin, M.D. 
A COMPOSITE ANALYSIS OF CARDIOVASCULAR REGULATION 
Arthur C. Guyton, M.D. 


— — — INTERMISSION — — — 


THE INTERACTION OF KETAMINE WITH NEUROMUSCULAR 
BLOCKING AGENTS IN THE RAT 


Y. Amaki, M.D. *P. A, Radnay, M.D. 
H. Nagashima, M.D. F. F. Foldes, M.D. 


Discussor: M. D. Sokoll, M.D. 


SUCCINYLCHOLINE INFUSION RATE AND OBSERVED 
FASCICULATIONS: A DOSE RESPONSE STUDY 


* Alfred Feingold, M.D. 
Jose L. Velazquez, M.D. 


Discussor: K.C. Kim, M.D. 


THE ANTAGONISTIC EFFECT OF 4-AMINOPYRIDINE ON 
NONDEPOLARIZING NEUROMUCULAR BLOCKING AGENTS 


*F, F. Foldes, M.D. Y. Amaki, M.D. 
F. Van de Pol, B.S. H. Nagashima, M.D. 
N. Van Wezel, B.S. S. Agoston, M.D., Ph.D. 
G. Braak, M.S. J. Crul, M.D. 
R. Huijnen, M.S. 


Discussor: E. S. Siker, M.D. 


INCREASED ELECTROCARDIOGRAPHIC ABNORMALITIES DURING 
ae OF NEUROMUSCULAR BLOCKADE WITH AMITRIPTYLINE 
P 


*Silas N. Glisson, Ph.D. 
Lito Fajardo, M.D. 
Adel A. El-Etr, M.D. 


Discussor: M. R. Salem, M.D. 


*Will present paper. 
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Monday, March 7, 197 7 - Scientific Program 


Chairman: David E. Longnecker, M.D., Charlottesville, Va., 
Contributing Editor, “Anesthesia & Analgesia” 


CEREBRAL FUNCTION MONITOR 


*Philip H. Sechzer, MD. 
Julio Ospina, M.D. 


Discussor: Joseph M. Messick, Jr., V.D. 


EXPERIENCE WITH A “CLOSE LOOP” COMPUTERIZED INTENSIVE 
CARE SYSTEM AFTER OPEN HEART SURGERY 


*H. A. Ferrari, M.D. Harry K. Daugherty, M.D. 
Francis Robicsek, M D. Thomas N. Masters, Ph.D. 


Discussor: Louis C. Sheppard 


COMPUTERIZED PATIENT MONITORING FOR THE 
ANESTHESIOLOGIST 


*Richard R. Uhl, M.D. Gary F. Maruschak 
Edward A. Meathe Lawrence J. Saidman, M.D. 


Discussor: Alex J. Bart, M.D. 


A COMPUTER IN A SHOE BOX 


Robert A. Fleming, M.S. 
*N. Ty Smith, M.D. 


Discussor: Paul J. Dauchot, M.D. 


*Will present paper. 





The Fifteenth Annual Baxter-Travenol Lecture 
T. H. Seldon, M.D., Recognition Address 


MONDAY, MARCH 7 - 1:30 P.M. 


“A COMPOSITE ANALYSIS OF 
CARDIOVASCULAR REGULATION” 


Arthur C. Guyton, M.D. 
Professor and Chairman, 
Department of Physiology 

and Biophysics 
University of Mississippi 
Medical Center 
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Tuesday, March 8 - Scientific Program 


Chairman: Dean H. Morrow, M.D., Houston, Texas, 
Member of Board of Trustees, I.A.R.S. 


SOLUMEDROL vs. NORMAL SALINE SOLUTION ON THE "OPEN 
HEART" PATIENTS 


*Reuben C. Balagot, M.D. V. R. Bandelin, M.D. 
P. Kosaphandhu, M.D. B. Ecanow, M.D. 
M. Bilandzic, M.D. R. Pifarre, M.D. 
B. K. Kwan, M.D. 


Discussor: Emerson A. Moffitt, M.D. 


THE EFFECTS OF HYPOTENSIVE ANESTHESIA ON THE 
DISTRIBUTION OF INTRACEREBRAL BLOOD FLOW IN THE GOAT 


*Katherine S. L. Gil, M.D. Ronald F. Albrecht, M.D. 
David J. Miletich, Ph.D. Ronald Rosenberg, M.D. 


Discussor: Anthony lvankovich, M.D. 


MEASUREMENT OF AEROBIC METABOLISM DURING PROFOUND 
HYPOTHERMIA FOR CARDIAC SURGERY IN INFANTS. AN 
INDISPENSIBLE GUIDELINE? 


*O. Prakash, M.D. B. Jonson, M.D. 
S. H. Meij, M.Sc. E. Bos, M.D. 


Discussor: Charles T. Wallace, M.D. 


DOES THE RENIN-ANGIOTENSIN SYSTEM SUPPORT BLOOD 
PRESSURE UNDER ANESTHESIA? 


*Edward D. Miller, Jr., M.D. 
David E. Longnecker, M.D. 
Michael J. Peach, Ph.D. 


Discussor: Herman Turndorf, M.D. 
— — — INTERMISSION — — — 


CARDIAC FUNCTION AND HYPERCARBIA 


*Paul J. Dauchot, M.D. Birgit Sorensen, M.D. 
Ralph G. DePalma, M.D. Jens P. Rasmussen, M.D. 


Discussor: Ronald W. Dunbar, M.D. 


CONTROL OF HYPERTENSION DURING CARDIAC BYPASS 


*Joan W. Flacke, M.D. G. Doyne Williams, M.D. 
Werner E. Flacke, M.D. Noel W. Lawson, M.D. 


Discussor: Bruce F. Cullen, M.D. 


*Will present paper. 


Lon 
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Tuesday, March 8 - Scientific Program 


Chairman: N. Ty Smith, M.D., San Diego, California, 
Contributing Editor, “Anesthesia & Analgesia” 


CYANIDE AND CIGARETTE SMOKING 


*Frank Raymon, M.D. 
Rahim Behnia, M.D. 
Ira Isaacson, M.D. 


Discussor: Russell A. Van Dyke, Ph.2. 


FACTORS INFLUENCING DISTRIBUTION OF LOCAL ANESTHETIC 
INJECTED INTO THE BRACHIA. PLEXUS SHEATH 


Alon P. Winnie, M.D. 
*Radisa Radonjic, M.D. 
Sudarsana Akkineni, M.D. 
Zia Durrani, M.D. 


Discussor: P. P. Raj, M.D. 
EFFECTS OF FHYSOSTIGMINE ON ANESTHETIC REQUIREMENTS 
IN DOGS 
Richard W. Horrigan, M.D. 
Discussor: Robert E. Johnstone, M.D. 


THE AUTONOMIC MARGIN OF SAFzTY OF ALCURONIUM AND 
PANCURONIUM 


* John J. Savarese, M.D. 
Hassan H. Ali, M.D. 


Discussor: Lecnard F. Walts, M.D. 
— — — INTERMISSION — — — 


EFFECT OF CHANGES OF PaCC, ON INTRAOCULAR PRESSURE 
AND INTRACRANIAL PRESSURE 


*Anne Aass, M.D. 
Edwin Nemoto, Ph.D. 
R. Brian Smith, M.B., B.S 


Discussor: Deryck Duncalf, M.D. 


EFFECTS OF CATECHOLAMINES DLRING RESPIRATORY ALKALOSIS 


Ronald W. Yakaitis, M.D. 
Terry L. Dodge, M.D. 
* John D. Thomas, M.D. 


Discussor: Frank Gollan, M.D. 


*Will present paper. 
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Tuesday, March 8 - Scientific Program 


Chairman: Leonard C. Jenkins, M.D., Vancouver, B.C., 
Contributing Editor, “Anesthesia & Analgesia” 


Twelfth Annual Becton, Dickinson and Company 
Oscar Schwidetzky Memorial Lecture: 


Introduction: Kenneth K. Keown, M.D. 
PHARMACOLOGY, PRESSURES AND PEOPLE 
William K. Hamilton, M.D. 


— — — INTERMISSION — — — 


TETANIC FADE AND POST-TETANIC TENSION IN THE ABSENCE OF 
NEUROMUSCULAR BLOCKING AGENTS IN ANESTHETIZED MAN 


*Anna Stanec, M.D. 
Jaroslav Heyduk, M.D. 
George Stanec, M.S. 
Louis R. Orkin, M.D. 


Discussor: H.H. Ali, M.D. 


EFFECT OF TEMPERATURE CHANGE ON NEUROMUSCULAR 
BLOCKADE OF D-TUBOCURARINE 


*Woo Young Park, M.D. 
Thomas Macnamara, M.D. 


Discussor: F.F. Foldes, M.D. 


EFFECTS OF D-TUBOCURARINE, PANCURONIUM, AND 
DIMETHYL-D-TUBOCURARINE ON VASCULAR TONE 


*Chingmuh Lee, M.D. 
Elaine Yang, M.D. 
Maurice Lippmann, M.D. 


Discussor: Sheila Muldoon, M.D. 


THE EFFECT OF INJECTION (TIME) OF PANCURONIUM 
ON CIRCULATORY PARAMETERS IN HUMANS 


*Edith R. Kepes, M.D. 
Deborah H. Klonymus, M.D. 
Yong H. Han, M.D. 

F. F. Foldes, M.D. 


Discussor: Eli M. Brown, M.D. 


*Will present paper. 
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Tuesday, March 8 - Scientific Program 


Chairman: Ronald W. Dunbar, M.D., Atlanta, Georgia, 
Contributing Ed:tor "Anesthesia and Analgesia" 


BIOCHEMICAL RESPONSE TO HEVORRHAGE DURING HALOTHANE, 
FLUROXENE AND KETAMINE ANESTHESIA 


*David E. Longnecker, M.D. William R. Drucker, M.D. 
Sue McCoy, Ph.D. 


Discussor: T. Crawford McAslan. M.D. 


EXPERIENCE WITH AN INPATIENT CLINIC FOR PREOPERATIVE 
ANESTHESIA EVALUATION 


* John E. Plumlee, M.D. Clara E. Winter, M.D. 
Kathryn S. Lemmon, M.D 


Discussor: E. Paul Didier, M.D. 
A LABORATORY EVALUTION OF THE FUNCTIONAL CHARACTERISTICS 
OF PRESSURE TRANSDUCER DOMES CONTAINING A DIAPHRAGM 


*Forrest Fox, MSEE Thomas H. Gilleland 
Ernest J. Kacher, BSEE Dean H. Morrow, M.D. 


Discussor: Kenneth A. Haselby, M.D. 
VENOUS AIR EMBOLISM IN THE LATERAL, SUPINE AND PRONE 


POSITION 
*Maurice S. Albin, M.D. Juei-Ling Chang, M.D. 
Robert Carroll, M.D. Joseph C. Maroon, M.D. 
Pavel Maivald, M.D. Peter J. Jannetta, M.D. 


Peter Waterman, M.D. 
Discussor: Edwin S. Munson, M.D. 


*Will present paper. 





Twelfth Annual Becton, Dickinson and Company 
Oscar Schwidetzky Memorial Lecture 


TUESDAY, MARCH 8 - 1:30 P.M. 


"PHARMACOLOGY, PRESSURES 
AND FEOPLE" 


William K. Hamilton, M.D. 
Professor and Chairman, 
Department of Anesthesia, 
University of California, 
San Francisco Medical Center 
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Wednesday, March 9 - Scientific Program 


Chairman: John T. Martin, M.D., Toledo, Ohio, 
Member of Board of Trustees, I.A.R.S. 


Panel: 


OPERATING ROOM POLLUTION: 
Moderator: John T. Martin, M.D. 


WHAT GASES TO MONITOR 
Charles E. Whitcher, M.D. 


THE TOXICOLOGY OF OPERATING ROOM POLLUTION 
Helmut F. Cascorbi, M.D. 


THE MECHANICS OF SCAVENGING 
John H. Lecky, M.D.. 


GOVERNMENTAL PERSPECTIVES AND GUIDELINES 
Charles L. Geraci, Ph.D. 


— — — INTERMISSION — — — 


SPINAL ANESTHESIA FOR TOTAL HIP ARTHROPLASTY 


*Robert |. Balfour, M.D. 
Daniel C. Moore, M.D. 


Discussor: Nabil R. Fahmy, M.D. 


ALCOHOL-INDUCED ADENOLYSIS OF THE PITUITARY GLAND— 
A NEW APPROACH TO CONTROL INTRACTABLE CANCER PAIN 


*Guenter Corssen, M.D. 
M. Clifford Holcomb, M.D. 


Keith H. Langford, M.D. 
Jiri J. Vitek, M.D. 


Discussor: Guido Moricca, M.D. 


*Will present paper. 


p 
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Wednesday, March 9 - Scientific Program 


Chairman: Douglas B. Craig, M.D., Winnipeg, Manitoba, 
Contributing Editor, “Anesthesia and Analgesia” 


THE ANESTHETIC MANAGEMENT OF NEONATAL INFANTS WEIGHING 
LESS THAN 1500 GRAMS 


*Thomas J. Herrin, Jr., M.D. John V. Richey, M.D. 
Jorge Campos-Recio, M.D. Kenneth L. Mattox, M.D. 


Discussor: E. Warner Ahlgren, M.D. 


THE PLACENTAL TRANSFER OF LORAZEPAM 


Thomas H. Joyce, IIl, M.D. 
William J. Keenan, M.D. 
*Adelheid Kuchling, M.B. 


Discussor: Gertie F. Marx, M.D. 


THE AUTOTRANSFUSER IN OBSTETRICS: EFFECTS OF AMNIOTIC 
FLUID INFUSION IN THE PREGNANT EWE 


*Michael H. Plumer, M.D. 
Jonathan L. Benumcf, M.D. 


Discussor: Harry Cohen, M.D. 


NEONATAL GASTRIC pH 


M. Nora Miclat, M.D. 
Robert Hodgkinson, M.D. 
*Gertie F. Marx, M.D. 


Discussor: Thomas J. Herrin, Jr, M.D. 
PRINCIPLES AND PROBLEMS IN PEDIATRIC OBSTETRICAL 
ANESTHESIA 


*Roy D. Wilson, M.D. 
Thomas J. Herrin, M.D. 
John V. Richey, M.D. 


Discussor: Albert L. Maduska, M.D. 


FENTANYL: A VASOPRESSOR IN PIGS 


*Robert G. Merin, M.D. 
Pieter D. Verdouw, Ph.D. 


Discussor: Guenter Corssen, M.D. 


*Will present paper. 
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Wednesday, March 9 - Scientific Program 


Chairman: Robert K. Stoelting, M.D., Indianapolis, Indiana, 
Member of Board of Trustees, I.A.R.S. 


ON THE ACUTE INTRAVENOUS ADMINISTRATION OF POTASSIUM 
CHLORIDE IN FUROSEMIDE AND DIGOXIN PRETREATED DOGS 


*Ryohei Kawamura, M.D. 
K. C. Wong, M.D., Ph.D. 
Michael Hodges 


Discussor: Dean H. Morrow, M.D. 


CHANGE IN ANESTHETIC UPTAKE, EXCRETION AND BLOOD 
SOLUBILITY IN MAN AFTER EATING 


*Edwin S. Munson, M.D. Edmond I. Eger, II, M.D. 
Min K. Tham, Ph.D. William J. Embro, B.S. 


Discussor: William K. Hamilton, M.D. 


Parr AND HEPATIC ELIMINATION OF GALLAMINE TRIETHIODIDE 
N MAN 


*Sandor Agoston, M.D., Ph.D. Ursula W. Kersten 
Gustav A. Vermeer, M.D., Ph.D. Arnold H. J. Scaf, Ph.D. 


Discussor: John J. Savarese, M.D. 


"CARBO-PERITONEUM" VERSUS "NITROUS-PERITONEUM" 
WHICH IS BEST FOR LAPAROSCOPY? 


*Roderick K. Calverley, M.D. 
N. Ty Smith, M.D. 


Discussor: M. Fredrica Godshalk, M.D. 


ROLE OF pH ON LIDOCAINE PLASMA PROTEIN BINDING 


Cosmo A. DiFazio, Ph.D., M.D. 
*Robert G. Burney, M.D. 


Discussor: Leonard C. Jenkins, M.D. 


ANESTHESIA FOR TRANS-SPHENOIDAL HYPOPHYSECTOMY 


* Joseph M. Messick, Jr., M.D. 
Edward R. Laws, Jr., M.D. 


Discussor: Edward Stullken, M.D. 


*Will present paper. 
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Thursday, March 10 - Scientific Program 


Chairman: Kenneth K. Keown, M.D., Columbia, Missouri 
Chairman of the Board of Trustees, I.A.R.S. 


ANESTHETIC MORBIDITY RELATED TO LEVEL OF TRAINING: 
COMPARISON OF ATTENDING STAFF, RESIDENTS AND 
MEDICAL STUDENTS 


*Douglas B. Craig, M.D. 
Christopher Wolkenstein M.D. 


Discussor: Nicholas M. Greene, M.D 


POSTOPERATIVE INSPIRATORY MANEUVERS— 
A QUANTITATIVE GUIDE 


*Gaylord D. Alexander, MJ. Barry G. Smiler, M.D. 
Robert J. Schreiner, M.D Eli M. Brown, M.D. 


Discussor: G. Douglas Blenkarn, M.D. 


ETOMIDATE 
*R. S. J. Clarke, M.D. 
Discussor: M. M. Ghoneim, M.D. 


THE EFFECTS OF LOCAL ANESTHETICS ON BLOOD FLOW AND 
0; CONSUMPTION OF THE PREGNANT UTERUS 


*Egon Lanz, M.D. 
Donald Caton, M.D. 
Helene Schlereth 


Discussor: Virginia K. Bond, M.D. 
— — — INTERMISSION — — — 


A CLOSED SYSTEM COMPROMISE 


Benjamin H. Gorsky, M.L. 
*Rodney L. Hall, M.D. 


Discussor: Harry J. Lowe, M.D. 


*Will present paper. 
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THE EFFECT OF A TEST DOSE FOR AN EPIDURAL INJECTED INTO 
THE SUBARACHNOID SPACE 


Sharon L. Mason, M.D. 
*P. Prithvi Raj, M.D. 
Mrudula D. Kamdar, M.D. 


Discussor: Alon P. Winnie, M.D. 
BUPIVACAINE (MARCAINE): A REVIEW OF 10,000 CASES— 
DOSAGES, ONSET, DURATION AND TOXICITY 


*Daniel C. Moore, M.D. Gale E. Thompson, M.D. 
L. Donald Bridenbaugh, M.D. Robert |. Balfour, M.D. 


Discussor: Gerard W. Ostheimer, M.D. 


ADJOURNMENT 


*Will present paper. 


NOTE 


Program content, as well as days and times of 
presentation are subject to change, and any changes 
will be included in the final program distributed at 
the meeting. The final program will also contain 
abstracts of the scientific papers, as well as names 
and professional affiliations of all individuals in- 
volved in the preparation, presentation or discussion 
of the papers. 
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Anesthesiology Continuing Education Re- 
view—Johnstone, Robert E., MD. Flush- 
ing, New York, Medical Examination Pub- 


lishing Company, Inc., 1975, 182 pp, 


price $10.00. 


This book presents 700 questions and an- 
notated brief answers of current interest to 
anesthesiologists and nurse anesthetists. The 
references span the years 1971-1974, and 
cover most of the principal American jour- 
nals. 


The questions cover the major divisions of 
clinical anesthesia and intensive care, as 
well as short chapters on pharmacology and 
physiology. The answers are almost too 
brief, but the bibliographic references are 
quite complete. 


The chief value of this booklet seems to 
be as a quick provider of an anesthesia bib- 
liography. 

Virginia B. Hartridge, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 


us 


Physics Applied to Anaesthesia—D. W. 
Hill, M.Sc, Ph.D., F-.Inst.P., ELBE, 
London-Boston, Butterworths, 3rd edi- 
tion, 411 pp. 


Considerable revision of 2nd edition with 
new material, plus description of new appa- 
ratus. SI units have been used. The equiva- 
lent values previously used also are in- 
cluded. 

T. H. Seldon, MD 


the 
book shelf 


Respiraiory Care Case Studies—Jay S. 
Finch, M.D. and Thomas J. DeKornfeld, 
M.D., Flushing, N.Y., Medical Examina- 
tion Publishing Co., vol 1, 2nd edition, 
189 pp, price $10.00. 


References appropriate to the case his- 
tory are supplied so the reader can study 
the particular disease in greater depth. 


T. H. Seldon, MD 


Handbook of Medical Acupuncture—Frank 
Z. Warren, M.D., New York, Van Nos- 
trand Reinhold Company, 1976, price 
$15.00. 


Dr. Warren and several contributors have 
captured the interesting aspects of the prac- 
tice of acupuncture. 'The intent of the book 
is to discard the historical aspects of acu- 
puncture and to present its practical fea- 
tures in terms of electrophysiology. The au- 
thors report the descriptive as well as infer- 
ential materials in the current concepts of 
acupuncture. 


The book may lack the balanced presen- 
tation obtamed when controversies are de- 
scribed. However, it is a well-written book, 
with emphasis on clarity, and it should be 
worthwhile for an effective clinical introduc- 
tion to the subject. 


Josef K. Wang, MD 
Pain Clinic 

Mayo Clinic 
Rochester, Minnesota 
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Principles of Anesthesiology. Second Edi- 
tion.—Collins, Vincent J. Philadelphia, 
Lea & Febiger, 1976, 1671 pp, $60.00. 


The second edition of this very compre- 
hensive text includes 20 new chapters. Read- 
ers will have a ready source of information 
of current topics and technics, as well as 
up-to-date revision of previously published 
material. 


The book is divided into 4 major sections, 
Fundamental Practices, Regional Anesthe- 
sia, Physiological Considerations, and Phar- 
macological Considerations. 'The illustra- 
tions are excellent and appropriate refer- 
ences follow each chapter. Anesthesiologists, 
residents, nurse anesthetists, and many 
others with interest in this specialty will 
find this text interesting and informative. 


T. H. Seldon, MD 


Acupuncture Therapy: Current Chinese 
Practice. Second Edition—Tan, Leong T., 
Tan, Margaret Y.-C., Veith, Ilza, Phila- 
delphia, Temple University Press, 1976, 
259 pp, price $17.50. 


This book describes the essentials of acu- 
puncture and the commonly used acupunc- 
ture points. It also includes a chapter de- 
tailing diseases and symptoms amenable to 
acupuncture therapy. Basing their book on 
several current Chinese texts on acupunc- 
ture, the authors have selectively translated 
the materials into a concise and very read- 
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able volume, designed to provide a manual 
for the actual practice of acupuncture. 


However, since it is now generally agreed 
that a great number of the acupuncture 
points coincide with the pathways of the 
peripheral nerves, the major drawback of 
the book relates to the lack of this correla- 
tion. While the Chinese texts provide a 
summary of long-term clinical practice 
based on trial-and-error approaches, they 
lack the insights provided by correlation 
with neuroanatomy and neurophysiology. 
Furthermore, their concepts and terminol- 
ogy are remote to Western readers. 


As long as we fail to understand the 
mechanism of acupuncture and its correla- 
tion with the basic sciences, any text on 
acupuncture therapy offers very limited 
value to our practice. 'The book should, how- 
ever, find a place with the die-hard acu- 
puncture practitioners. 


Josef K. Wang, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 


x > 


First National Congress of Anaesthesia and 
Intensive Care, Abstracts, Bucharest-Ro- 
mania, 240 pp, 1976. 


Abstracts of papers presented at the 1st 
Congress of the Romanian Society of Anaes- 
thesia and Intensive Care. Many of the 
abstracts are followed by English transla- 
tions. 

T. H. Seldon, MD 


Scientific 
Articles 
March-April, 1977 


ADMINISTRATION OF KETAMINE OR INNOVAR BY THE MICRODRIP TECHNIC: A DOUBLE-BLIND STUDY.— 
Moustafa El-Naggar, M.D., Jeanne Letcher, CRNA, Ethel Middleton, CRNA, and Harry Levine, Ph.D., Chicago, 
Illinois. 

A NEW INSTRUMENT FOR CONTINUOUS RECORDING OF THE EVOKED COMPOUND ELECTROMYOGRAM IN THE 
CLINICAL SETTING.—Chingmuh Lee, M.D., Ronald L. Katz, M.C., amd Arnold S. J. Lee, B.A., Los Angeles, 
California. 

FADE OF NEURALLY EVOKED COMPOUND ELECTROMYOGRAM DURING NEUROMUSCULAR BLOCK BY D-TUBO- 
CURARINE.—Chingmuh Lee, M.D., and Ronald L. Katz, M.D., Torrance, and Los Angeles, California. 

FLACCID PARAPARESIS FOLLOWING OBSTETRICAL EPIDURAL ANESTHESIA: POSSIBLE ROLE OF BENZYL ALCOHOL. 
—Douglas B. Craig, M.D., and George G. Habib, M.D., Winnipeg, Manitoba, Canada. 

ARRHYTHMIC DOSES OF EPINEPHRINE AND DOPAMINE DURING HALOTHANE, ENFLURANE, METHOXYFLURANE, 
AND FLUROXENE ANESTHESIA IN GOATS.—Behrooz Zahed, M.D., David J. Miletich, Ph.D., A. D. Ivankovich, 
M.D., R. F. Albrecht, M.D., and Edward T. Toyooka, M.D., Chicago, Illinois. 

THE POTENTIAL FOR CONTAMINATION OF CONTINUOUS EPIDURAL CATHETERS.—John R. Hunt, M.D., Benjamin 
M. Rigor, Sr., M.D., and Jack R. Collins, M.D., Portsmouth, Virginia. 

ANTIARRHYTHMIC ANESTHETIC ACTION. |. THE EFFECT OF HALOTHANE ON CANINE INTRACARDIAC IMPULSE 
CONDUCTION DURING SINUS RHYTHM.—Dean H. Morrow, M.D.. Joseph R. Logic, M.D., and John V. Haley, 
Ph.D., Houston, Texas, Birmingham, Alabama, and Lexington, Kentucky. 

ANTIARRHYTHMIC ANESTHETIC ACTION. ll. THE EFFECT OF METHOX"FLURANE ON VENTRICULAR AUTOMA- 
TICITY.—James E. Warren, M.D., and Dean H. Morrow, M.D., -exington, Kentucky and Houston, Texas. 
TESTS OF MINIMAL OBSTRUCTION IN THE SMALL AIRWAYS: INTERRELATIONSHIPS AND PHYSIOLOGIC SIGNIFI- 

CANCE.—Thomas J. Gal, M.D., Charlottesville, Virginia. 

ANESTHETIC MANAGEMENT OF AN INTRACRANIAL ARTERIOVENOUS MALFORMATION IN INFANCY. — Judith B. 
Hood, M.D., Charles T. Wallace, M.D., and John E. Mahaffey, M.D —Charleston, South Carolina. 

FURTHER STUDIES OF MANUALLY OPERATED SELF-INFLATING RESUSCITATION BAGS.—Edward Carden, M.A., M.B., 
B.Chir, FRCP(C), and Diana Friedman, ARRT, Los Angeles, Califorria. 

A COMPARISON OF GENERAL ANESTHESIA AND LUMBAR EPIDURAL ANALGESIA FOR ELECTIVE CESAREAN SEC- 
TION.—Francis M. James, III, M.D., J. Selwyn Crawford, M.B., FFAFCS, Rowland Hopkinson, M.B., FFARCS, 
Paul Davies, Ph.D., and Hamid Naiem, M.B., FRCOG, Birmingham, England, and Winston-Salem, North 
Carolina. 

NEUROLEPTANALGESIA FOR AWAKE PRONATION OF SURGICAL PATIENTS.—Chingmuh Lee, M.D., Angeline 
Bornes, M.D., and Eugene L. Nagel, M.D., Torrance, California. 

MECHANISMS OF CHRONOTROPIC EFFECTS OF VOLATILE INHALATION ANESTHETICS.—Gopal Krishna, M.D., 
and Raymond R. Paradise, Ph.D., Indianapolis, Indiana. 

EVALUATION OF INTRAVENOUS DIAZEPAM AS A SURGICAL PREMEDICAINT.—James T. Conner, M.D., J. Weldon 
Bellville, M.D., Ronald H. Wender, M.D., Susan Wapner, R.N., and Ronald L. Katz, M.D., Los Angeles, California. 

A COMPARISON OF GLYCOPYRROLATE AND ATROPINE DURING REVERSAL OF NONDEPOLARIZING NEUROMUS- 
CULAR BLOCK WITH NEOSTIGMINE.—Gerard W. Ostheimer, M.D., Beston, Massachusetts. 

CASE HISTORY NUMBER 95. 


CASE REPORT: 


FLUCTUATING INTRACRANIAL HYPERTENSION DUE TO CHEYNE-STOKES RESPIRATION.—M. Lou Marsh, M.D., 
Sydney J. Aidinis, M.B., FFARCS, and Harvey M. Shapiro, M.D., Phiadelphia, Pennsylvania. 

THE ANESTHETIC MANAGEMENT OF A PATIENT WITH AN OBSTRUCTING INTRATRACHEAL MASS: A CASE REPORT. 
—Terry L. Dodge, M.D., John E. Mahaffey, M.D., and John D. Thomas, M.D., Charleston, South Carolina. 


ANESTHESIA FOR UNTREATED HYPOTHYROIDISM: REPORT OF 3 CASES.—Jong Min Kim, M.D., and Larry 
Hackman, D.D.S., Kansas City, Kansas. 


SPONTANEOUS EXTUBATION: A CASE REPORT.—Jacobus W. Mostert, M.B., FFARCS, Chicago, Illinois. 

LACERATION OF LEFT PULMONARY ARTERY DURING MEDIASTINOSCOFY.—Chong M. Lee, M.D., and Larry B. 
Grossman, M.D., Hershey, Pennsylvania. 

BRIEF REPORTS: 


A WASTE GAS SCAVENGING VALVE FOR PEDIATRIC SYSTEMS.—C. A. Albert, M.D., A. Kwan, M.D., C. Kim, M.D., 
J. Shibuya, M.D., and S. N. Albert, M.D., Washington, D.C. 

OXYGEN-AIR BLENDING NOMOGRAM.—Leon C. Yost, R.C.V.T., William N. Bernhard, M.D., Charles Merrill, B.S., 
and Herman Turndorf, M.D., New York, New York. 

USE OF THE LTA® KIT AS A GUIDE FOR ENDOTRACHEAL INTUBATION.—Morton B. Rosenberg, D.M.D., Paul R. 
Levesque, M.D., and Denis L. Bourke, M.D., Boston, Massachuset's. 


PANCREATIC ARTERIOVENOUS MALFORMATION AND CELIAC PLEXUS ELOCK.—Lawrence L. Priano, M.D., Ph.D., 
and Ronald D. Miller, M.D., San Francisco, California. 
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A Guide for Authors 


Anesthesia and Analgesia . . . Current 
Researches invites manuscripts on subjects 
pertinent to the specialty of Anesthesia. 


Send manuscripts and illustrations in 
triplicate to: 


T. H. Seldon, MD, Editor 
Kahler East, Suite C 
Rochester, Minnesota 55901 


Four categories of reports will be consid- 
ered for publication. 


1. Original articles describing clinical or 
laboratory research. 


2. Brief Reports describing new anesthetic 
technics, equipment, clinical, or laboratory 
studies. 


3. Case Reports. 
4. Letters-to-the-Editor. 


EDITORIAL POLICIES 


Peer review.—All papers submitted are 
reviewed by selected referees with respect to 
validity, pertinence, completeness, and orig- 
inality. If accepted for publication, editor- 
ial revisions may be made to aid clarity and 
understanding. Edited copy will be sub- 
mitted to authors for approval before the 
paper goes to the printer. Pageproofs also 
wil be submitted to the authors for final 
approval. Reprint order forms will accom- 
pany pageproofs. 


Cover letter.—A letter must accompany 
each manuscript, stating that the work has 
not been simultaneously submitted to an- 
other journal or previously published in part 
or whole. The name and address of the 
author to whom correspondence may be di- 
rected should be given. 


Legal and ethical considerations. —Infor- 
mation or illustrations which might permit 
identification of patients must not be used. 


Reports describing data from experiments 
performed on humans must contain a state- 
ment in the Methods section, when appro- 
priate, that written informed consent and/or 
institutional approval of the investigation 
has been obtained, and that procedures in- 
volving the use of animals was conducted so 
as to minimize discomfort. 


Excerpts from material published else- 
where must be accompanied by written per- 
mission from the author and publisher to 
reproduce the material. 


JOURNAL STYLE 


Format.—All portions of the manuscript 
should be typewritten and double-spaced, 
including lists of reference citations. Each 
component of the paper (title page, with 
authors' academic rank and addresses, In- 
troduction, Methods, Results, Discussion, 
References, Legends) should begin on a 
separate page. Original articles must be pre- 
ceded by an Abstract concisely describing 
the purpose, methods, results, and conclu- 
sions. Abstracts should not exceed 1 type- 
written page in length. Brief Reports and 
Case Reports do not require an Abstract, 
but a Summary at the end may be appro- 
priate. 


Original articles should be concise (not 
over 3000 words) and present new informa- 
tion pertinent to anesthesia. Preliminary re- 
ports or fragments of material that may bet- 
ter be included in a single, more detailed, 
report should not be submitted. Brief Re- 
ports describing new equipment or technics 
should present new advances, with advan- 
tages over the alternatives. Descriptions of 
new equipment must be sufficient to permit 
the reader to either construct or purchase 
the equipment. Case Reports should empha- 
size important clinical conditions or varia- 
tions in typical patient responses. Letters-to- 
the-Editor must be brief (250-500 words) 
and should offer constructive comments on 
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recently published articles or discuss areas 
of general interest to anesthesiologists. 


Measurement units.—The metric system 
should be used for all such data as length, 
mass, volume, and temperatures. 'Torr 
should be used in place of mm Hg for par- 
tial pressures. Authors are encouraged to 
adopt the International System of units 
( moles per liter rather than mg percent?) for 
concentrations or amounts of substances. 
(See Padmore GRA, Nunn JF: SI Units 
in relation to anaesthesia. A review of the 
present position. Br J Anaesth 46:236-243, 
1974). 


Drug names.—Generic or chemical drug 
names are required. Brand names may be 
inserted in parentheses after the generic 
name, if pertinent. 


Abbreviations.—The first time an abbre- 
viation appears it should be preceded by the 
full word it represents. 


Respiratory symbols.—Symbols for re- 
spiratory physiology should be defined the 
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first time used and should follow Pappen- 
heimer J et al: Standardization of defini- 
tions and symbols in respiratory physiology. 
Fed Proc 9:€02-605, 1950. 


References. — References should corre- 
spond to Index Medicus style and should 
be listed in the same numerical order as 
they appear in the text. Reports that are 
not accessible to all readers or that have not 
undergone editorial review (abstracts, cor- 
respondence, or personal communications) 
should not b2 included in numerical listings 
but may be ^ootnoted. They should include 
pertinent addresses as well as source and 
authors' names, 


IHlustratioas.-—Drawings and photographs 
‘unmounted glossy prints) should be num- 
bered in order of appearance in the manu- 
script and labeled on the back with the first 
author's name and indicate the top edge of 
the picture. 


Tables.—'"hese should carry a title or 
caption and should supplement, not dupli- 
cate, the text. 
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“or routine filtration of stored blood the Swank 
Yansfusion Filter, utilizing the principle of Bodo qu 
*yool filtration, offers these important advantages: 
*» Removes Microaggregates Down to 10-Micror 
Range—the vast majority of the amorphous de»ris 
in stored blood is less than 30 microns in diameter 


and will not be removed by a standard screen f Iter. 


Adsorptive Filtration—highly efficient—degenera- 
tive blood elements are inherently adhesive and 
adhere to the Dacron wool fibers. 

— Flow Rate—the Swank Transfusion Filter will 
efficiently remove microemboli from stored bleod 
at a flow rate greater than 100cc per minute under 
gravity. 


i init Capoei t Man ranetiesu 
LA "X TURCO 


Filterwill maintain efficiency through multiple- 

unit usage. The exact number of units will vary 

with klood age. 
Now available: Swank Transfusion Filter with integral 
administration set. 


Marketed by 


extracorporeal 


Extracorporeal Medical Specialties, Inc 


Royar & Ross Rds -Kng of Prussia Pa 19406 USA 215 337 2400 


Extracornp@ereai S A 253 Avenue Winston Churchill. 1180 Brussels Belgium 


In Europe write 











In 18 years of use inthe United States, 
FLUOTHANE (halotha ne has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. LOO million 
.. extensive usage and evaluation that 
attests to FLUOTHANE asthe most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4.00€ papers worldwide have been pub- 
lishec, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of noteonthe most 
€ widelv used inhalant anesthetic. 


(HALOTHANE) 


MILLION 
TIONS 


e nonilammable, nonexplosive 

e »ermits use of high concentrations of 

Oxygen 

o a ows free use of cautery for more 
dequate control of bleeding 

@ $5 mal odor facilitates smooth, rapid 

induction, reduces patient distress 

e early obtundation of pharyngeal and 

thes reflexes TREO tubation 

e iessens airway problems 

e permits rapid adjustment of depth of 

anesthesia 

e emergence is rapid and tranquil with 

quick recovery of protective reflexes 

e minimal nausea and vomiting, shorter 

recovery room stay 
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FLUOTHANE 


brand of halothane 
the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 





(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 

N "4 
B— C — 0C ——— CI 

Pa N 

F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51' C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
Diood/gas coefficient is 2.5 at 37* C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime, When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUOTHANE; such 
materials wil deteriorate rapidly in con- 
tact with FLUOTHANE vapor or liquid. 
stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol 
(w/w), and storage is in amber colored 
bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizer bottles not specifically 
designed for its use. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesía can be 
rapidly altered. FLUOTHANE  progres- 
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sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. it causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. Ihe greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
reiease of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodai rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action cf epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augmen:s the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant, 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given 
to the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficult to avoid. The patient should 
be closely observed for signs of overdos- 
age, ie, depression of blood pressure, 
puise rate, and ventilation, particularly 
during assisted or controlled ventilation. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon feta! development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 


the potential benefits outweigh the un- 


known hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
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FLUOTHANE is indicated, administration 
should be preceded by measures ordi- 
narily used to reduce cerebrospinal fiuid 
pressure, Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 


be employed cautiously, if at all, during 
FLUOTHANE {halothane} anesthesia 


since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 
Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 
Adverse Reactions, The following adverse 
reactions have been reported: hepatic 
necrosis, Cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. E 
Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
Olized with 0.01% thymol (w/w). 
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. Nicholes 99, 
The world's most effective filter. 





It works 
magnet; 
not 


like a 








just a strainer. 


New electrostatic filter element 
attracts, traps and holds over 99% 
of the pathogens found in the 
anesthesia system. Not just 
bacteria, but viruses as well, 
regardless of size. Tests" prove 
that the patented Nicholes ''99" is 
the most practical and effective 
filter available, affording pro- 
tection against both infections 
and malpractice suits. It is light - 
weight and multi-directional, and 
may be interposed in different 
positions within the anesthesia 
system. Its unique filter trap with 
minimal air resistance eases 
patient breathing even under ad- 
verse respiratory conditions or 
high relative humidity. 


*Research findings available upon request. 


The Complete Circuit. 
The finest conductive, disposab e 


imum compactness and mobility. 
Plus the amazingly efficient 


anesthesia circuit, it is manufactured disposable Nicholes 99 


to the highest medical standarcs, 
at low, competitive prices. 





The complete 
circuit includes two 
flexible, lightweight 
breathing tubes, a 
3-litre breathing bag 
and a specially- 
engineered swivel 
wye piece for max- 


Bacterial and Viral Retentive Filter. 
Filters and individual components 
may be ordered separately. 
Available from your surgical or hos 
pital supply dealer, or call K&G for 
name of nearest supplier. 

Dealer inquiries invited. 

Mail the coupon now. 


K&G Healthcare Industries, Inc. 

P.O. Drawer #168, Goldsboro, N.C. 27530 

(919) 737-2283 
Please send me furtherinformation onthe 
Nicholes “99” Filter. 
Please arrange a demonstration for me on the 
Nicholes “99” Filter. 


Name Title 
Institution Name 

Address 

City 

State Zip 
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Potent analgesics often do 
more than provide pain relief. 
And that can be a problem. 


A patient in severe pain needs a potent analgesic. 
But potent analgesics can also produce some extreme 
adverse effects. Such as respiratory depression, hypoten- 
sion, urinary retention and constipation. 

With Talwin the incidence of such effects is low." 

So by choosing Talwin, you can treat one problem 
(pain) and minimize the chances of the others. Which are 
two good reasons for choosing Talwin in a great majority 
of hospital situations calling for potent analgesia. 


In moderate to severe pain 


wom ALIWIN 


Brand of LI 
pentazocine.... 


Alternative 
to Opiates. 


“With Talwin, the commonly occurring reactions are nausea, dizziness, among others. 
Although rare, acute central nervous system manifestations have been reported. 











See important product informat on concerning warnings, adverse reactions, 
patient selection, and prescribirg and precautionary recommendations on following page. 
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Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Ampuls: 30 mg. (1 mi), 45 mg. 
(1% ml.), and 60 mg. (2 mi.) 
Vials: (10 ml.) 30 mg./ml. 


30 mg. tor I.V., I.M., or S.C. use 
45 mg. tor I.M. or S.C. use 
60 mg. tor I.M. or S.C. use 





Indications: For the relief of moderate to 
severe pain. Talwin may also be used for 
preoperative or preanesthetic medication 
and as a supplement to surgical anesthesia. 
Contraindication: Talwin should not be ad- 
ministered to patients who are hypersensi- 
tive to it. 

Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentaz- 
ocine for emotionally unstable patients and 
for those with a history of drug misuse. 
Such patients should be closely supervised 
when long-term therapy is contemplated. 
There have been instances of psychological 
and physical dependence on Talwin in pa- 
tients with such a history and, rarely, in 
patients without such a history. Abrupt dis- 
continuance following the extended use of 
parenteral Talwin has resulted in symptoms 
such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, 
and lacrimation. Even when these occurred, 
discontinuance has been accomplished with 
minimal difficulty. In the rare patient in 
whom more than minor difficulty has been 
encountered, reinstitution of parenteral 
Talwin with gradual withdrawal has amelio- 
rated the patient's symptoms. Substituting 
methadone or other narcotics for Talwin in 
the treatment of the Talwin abstinence syn- 
drome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-ad- 
ministered, the physician should take pre- 
cautions to avoid increases in dose and 
frequency of injection by the patient and to 
prevent the use of the drug in anticipation 
of pain rather than for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administra- 
tion. 

Head Injury and Increased Intracranial 
Pressure. The respiratory depressant effects 
of Talwin and its potential for elevating 
cerebrospinal fluid pressure may be mark- 
edly exaggerated in the presence of head 
injury, other intracranial lesions, or a pre- 
existing increase in intracranial pressure. 
Furthermore, Talwin can produce effects 
which may obscure the clinical course of 
patients with head injuries. In such patients, 
Talwin must be used with extreme caution 
and only if its use is deemed essential. 
Usage in Pregnancy. Safe use of Talwin 
during pregnancy (other than labor) has not 
been established. Animal reproduction 
studies have not demonstrated teratogenic 
or embryotoxic effects. However, Talwin 
should be administered to pregnant patients 
(other than labor) only when, in the judg- 
ment of the physician, the potential benefits 
outweigh the possible hazards. Patients re- 
ceiving Talwin during labor have experi- 
enced no adverse effects other than those 
that occur with commonly used analgesics. 
Talwin should be used with caution in women 
delivering premature infants. 

Acute CNS Manifestations, Patients receiv- 
ing therapeutic doses of Talwin have ex- 
perienced, in rare instances, hallucinations 
(usually visual), disorientation, and confu- 
sion which have cleared spontaneously 
within a period of hours. The mechanism of 
this reaction is not known. Such patients 


in moderate to severe pain 


injectable fq Iwi n 


Brand of 


pentazocine . ... 


Alternative to opiates. 





should be very closely observed and vital 
signs checked. If the drug is reinstituted it 
should be done with caution since the acute 
CNS manifestations may recur. 

Usage in Children. Because clinical experi- 
ence in children under twelve years of age 
is limited, the use of Talwin in this age 
group is not recommended. 

Ambulatory Patients. Since sedation, dizzi- 
ness, and occasional euphoria have been 
noted, ambulatory patients should be warned 
not to operate machinery, drive cars, or un- 
necessarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respi- 
ratory depression should be considered in 
treatment of patients with bronchial asthma. 
Talwin should be administered only with 
caution and in low dosage to patients with 
respiratory depression (e.g., from other 
medication, uremia, or severe infection), 
severely limited respiratory reserve, ob- 
structive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Al- 
though laboratory tests have not indicated 
that Talwin causes or increases renal or 
hepatic impairment, the drug should be 
administered with caution to patients with 
such impairment. Extensive liver disease 
appears to predispose to greater side ef- 
fects (e.g., marked apprehension, anxiety, 
dizziness, sleepiness) from the usual clinical 
dose, and may be the result of decreased 
metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, 
Talwin should be used with caution in pa- 
tients with myocardial infarction who have 
nausea or vomiting. 

Biliary Surgery. As with all strong analge- 
sics, Talwin should be used with caution in 
patients about to undergo surgery of the 
biliary tract since it may cause spasm of 
the sphincter of Oddi. 

Patients Receiving Narcotics. Talwin is a 
mild narcotic antagonist. Some patients 
previously given narcotics, including meth- 
adone for the daily treatment of narcotic 
dependence, have experienced withdrawal 
symptoms after receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect rela- 
tionship has been established. 

Tissue Damage at Injection Sites. Severe 
sclerosis of the skin, subcutaneous tissues, 
and underlying muscle have occurred at the 
injection sites of patients who have received 
multiple doses of pentazocine, as lactate. 
Constant rotation of injection sites is, there- 
fore, recommended. In addition, animal 
studies have suggested that Talwin may be 
tolerated less well subcutaneously than in- 
tramuscularly. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Dermatologic Reactions: Soft tissue indura- 
tion, nodules, and cutaneous depression 
can occur at injection sites. Ulceration 
(sloughing) and severe sclerosis of the skin 
and subcutaneous tissues (and, rarely, un- 
derlying muscle) have been reported after 
multiple doses. 

Infrequently occurring reactions are—res- 
piratory: respiratory depression, dyspnea, 
transient apnea in a small number of new- 
born infants whose mothers received Talwin 
during labor; cardiovascular: circulatory de- 
pression, shock, hypertension; CNS effects: 
sedation, alteration of mood (nervousness, 
apprehension, depression, floating feeling), 
dreams; gastrointestinal: constipation, dry 
mouth; dermatologic including local: dia- 
phoresis, sting on injection, flushed skin 
including plethora, dermatitis including 
pruritus; other: urinary retention, headache, 
paresthesia, alterations in rate or strength 
of uterine contractions during labor. 

Rarely reported reactions include — neuro- 





muscular and psychiatric: muscle tremor, 
insomnia, disorientation, hallucinations; 
gastrointestinal: taste alteration, diarrhea 
and cramps; ophthalmic: blurred vision, 
nystagmus, diplopia, miosis; hematologic: 
depression of white blood cells (especially 
granulocytes), which is usually reversible, 
moderate transient eosinophilia; other: 
tachycardia, weakness or faintness, chills, 
allergic reactions including angioedema, 
edema of the face, vascular purpura, toxic 
epidermal necrolysis. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adu/ts, Exclud- 
ing Patients in Labor. The recommended 
single parenteral dose is 30 mg. by intra- 
muscular, subcutaneous, or intravenous 
route. This may be repeated every 3 to 4 
hours. Doses in excess of 30 mg. intrave- 
nously or 60 mg. intramuscularly or subcu- 
taneously are not recommended. Total daily 
dosage should not exceed 360 mg. When 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addi- 
tion, constant rotation of injection sites 
(e.g., the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, and 
the deltoid areas) is recommended. 

Patients in Labor. A single, intramuscular 
30 mg. dose has been most commonly ad- 
ministered. An intravenous 20 mg. dose has 
given adequate pain relief to some patients 
in labor when contractions become regular, 
and this dose may be given two or three 
times at two- to three-hour intervals, as 
needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve 
years of age is limited, the use of Talwin in 
this age group is not recommended. 
CAUTION. Talwin should not be mixed in 
the same syringe with soluble barbiturates 
because precipitation will occur. 
Overdosage: Manifestations: Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment: Oxygen, intravenous fluids, vas- 
opressors, and other supportive measures 
should be employed as indicated. Assisted 
or controlled ventilation should also be con- 
sidered. Although nalorphine and levallor- 
phan are not effective antidotes for 
respiratory depression due to overdosage or 
unusual sensitivity to Talwin, parenteral nal- 


oxone (Narcan®, available through Endo 
Laboratories) is a specific and effective 
antagonist. 


Talwin is not subject to narcotic controls. 
How Supplied: Uni-Amp® — Individual unit 
dose ampuls of 1 ml. (30 mg.) and 2 ml. 
(60 mg.) in boxes of 25. 

Ampuls of 1 ml. (30 mg.) in (nested) boxes 
of 25. 

Ampuls of 1% ml. (45 mg.) in boxes of 10 
and 100. 

Ampuls of 2 ml. (60 mg.) in (nested) boxes 
of 25. 

Each 1 ml. contains Talwin (brand of pentaz- 
ocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for 
injection. 

Multiple dose vials of 10 ml., each 1 ml. 
containing Talwin (brand of pentazocine) as 
lactate equivalent to 30 mg. base, 2 mg. 
acetone sodium bisulfite, 1.5 mg. sodium 
chloride, and 1 mg. methylparaben as pre- 
servative, in water for injection. Boxes of 1. 
The pH of Talwin solution is adjusted be- 
tween 4 and 5 with lactic acid and sodium 
hydroxide. The air in the ampuls and vials 
has been displaced by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 






UPL 
MONITORS MADE. 
MADE EVEN BETTER. 





DANGER--POSSIBLE EXPLOSION HAZARD IF USED 


For some time now, our 
monitors have been selected 
for use in surgery by more 
medical people than any other 
battery-powered monitors in 
the world. Because we give you 
more of what you want in a 
monitor than any other moni- 
tors in the world. 

However, this didn't stop 
us from improving them. 

Our new Datascope 851 
and 861 will now give you heart 


rate not only from ECG,but also 


from pulse or blood pressure. 
And both monitors will 
give you 2 traces. 5o you can 
monitor ECG (or EEG) and 
pulse simultaneously. 
And both give you beat by 


beat synchronizationt. So a 
+11S PATFNT NO 345745? 


.IN THE PRESENCE DF FLAMMABLE ANESTHETICS. — 


LEAD SELECTOR BWNC 


single ECG complex shows up 
with each full sweep. 

The 861 does even morÕe. 
It monitors body temperature. 
On a digital read-out. And this 
same digital display will giv2 
you heart rate when you went 
it; or mean blood pressure 
when you are using the 661 with 
our Pressure Module. 

For all the things our 851 
and 861 do, they're surprisingly 
portable. And they offer lorger 
battery-operating time thar 
any other monitors. In som2 
cases, actually twice as long. 

Will they continue to be 
the mos: popular monitors 
made? More so. 

For further informaticn 
about our new 851, 861, or our 





TRACE 2 





Pressure Module, write Data- 
scope Corp., 580 Winters Ave., 
Paramus, NJ 07652. 


DATASC OPE 


The 861 with Pressure Module. 


THE DATASCOPE 
851/861 
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when you need a flexible narcotic 
supplement 
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In outpatient us B 
procedures ="; 


en you want rapid emergence with ° 
minimal hangover” effect 
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z In diagnostic or 
. neurosurgical 
|, procedures 


when you want the patient to change 
position or respond to commands 
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Potent narcotic analgesic action... 
with an added dimension of control 


SUBLIMAZE" (fentanyl) provides: 


e Profound analgesia with minimal 
cortical depression 





e Rapid onset of analgesia — 
peak effect within 5 minutes I.V., 8 minutes I.M. 


e Short duration of analgesic action — pees 
30 to 60 minutes with a single Il. V. Í: k 
dose of upto 0.1 mc. (Respiratory depressant 
effects may last longer than the 
analgesia.) 





e immediate reversibility by narcotic 
antagonists 


e Little or no histamine release — 
decreased risk of cardiovascular instability 


e Minimal emetic effect — 


has been used succassfully to prepare nonfasting 
patients for awake irtubation 


SUBLIMAZE.: 


(fentanyl) injection 


0.05 mg./ml. asthe citrate Sodium hydroxide for adjustment of pH to 4.0-7.5 
Warning: May be habit forming 








SUBLIMAZE' (fentanyl) injection is available for use only upon direction of a physician. 
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Potent narcotic analgesic action... 
with an added dimension of control 


SUBLIMAZE. 


fentanyl) injection 


0.05 mg./ml. as the citrate 


Sodium hydroxide for adjustment of pH to 4 0-7.5 


Warring: May be habit forming 


INDICATIONS SUBLIMAZE {fentanyl is indicated: 


- for analgesic action of short duration during the anesthetic periods, premedi- 
cation, induction, and maintenance, and in the immediate postoperative period 
(recovery room) as the need arises. 

~ for use as a narcotic analgesic supplement in general or regionai anesthesia. 
~for administration with a neuroleptic such as INAPSINE® (droperidol) injection 
aS an anesthetic premedication, for the induction of anesthesia and as an 
adjunct in the maintenance of general and regional anesthesia. 
CONTRAINDICATIONS SUBLIMAZE ífentanyl) is contraindicated in patients 
with known intolerance to the drug. 

WARNINGS AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE 
DNA SUBLIMAZE (fentanyl) SHOULD HAVE APPROPRIATE SURVEIL- 
LANCE. 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE 
READILY AVAILABLE TO MANAGE APNEA. 

See also discussion of narcotic antagonists in Precautions and Overdosage. 
if SUBLIMAZE (fentanyl) is administered with a tranquilizer such as /NAPSINE 
(droperidol). the user should familiarize himself with the special properties of 
each drug, particularly the widely differing durations of action. in addition, when 
Such a combination is used /luids and other countermeasures to manage 
hypotension should be available. 

As with other potent narcotics, the respiratory Gepressant effect of SUBLIMAZE 
(fentanyl) persists longer than the measured analgesic effect. The total dose of 
all narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, should be used in reduced doses 
initially, as low as 1/4 to 13 those usually recommended. SUBLIMAZE (fentanyl) 
may cause muscie rigidity, particularly involving the muscles of respiration. The 
effect is related to the speed of injection and its incidence can be reduced by 
the use of slow intravenous injection. Once the effect occurs, it is managed by 
the use of assisted or controlled respiration and, if necessary, by a neuromuscu- 
lar blocking agent compatible with the patient's condition. 

Drug Dependence - SUBLIMAZE (fentanyl) can produce drug depencence of 
the morphine type and therefore has the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported 
with narcotic anaigesics. Since the safety of fentanyl in this regard has not been 
established, the use of SUBLIMAZE (fentanyl) in patients who have received 
MAO inhibitors within 14 days is not recommended. 

Head injuries and Increased Intracranial Pressure ~ SUBLIMAZE (fentanyl) 
should be used with caution in patients who may be particularly susceptible to 
respiratory depression, such as comatose patients who may have a head injury 
or brain tumor. in addition, SUBLIMAZE (fentanyl) may obscure the clinical 
Course of patients with head injury. 

Usage in Children - The safety of SUBLIMAZE (fentanyl) in children younger 
than two years of age has not been established. 

Usage in Pregnancy — The safe use of SUBLIMAZE (fentanyl) has not been 
established with respect to possible adverse effects upon fetal development. 
Therefore, it should be used in women of childbearing potential only when, in 
the judgment of the physician, the potential benefits outweigh the possible 
hazards. There are insufficient data regarding placental transfer and fetal ef- 
fects; therefore, safety for the infant in obstetrics has not been established. 
PRECAUTIONS The initial dose of SUBLIMAZE (fentanyl) should be appro- 
priately reduced in elderly, debilitated and other poor-risk patients. The effect of 
the initial dose should be considered in determining incremental doses. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves. 
Through other mechanisms (see Actions) SUBLIMAZE (fentanyl) can aiso alter 
respiration. Therefore, when SUBLIMAZE (fentanyl) is used to supplement these 
forms of anesthesia, the anesthetist should be familiar with the physiological 
aiterations involved. and be prepared to manage them in the patients selected 
for these forms of anesthesia. When used with a tranquilizer such as /INAPSINE 
(droperidol), blood pressure may be altered and hypotension can occur. 
Vital signs should be monitored routinely. 

SUBLIMAZE (fentanyl) should be used with caution in patients with chronic 


obstructive pulmonary disease, patients with decreased respiratory reserve, 
and others with potentially compromised respiration. In such patients, narcotics 
may additionally decrease respiratory drive and increase airway resistance. 
During anesthesia, this can be managed by assisted or controlled respiration. 
Respiratory depression caused by narcotic analgesics can be reversed by 
narcotic antagonists. Appropriate surveillance should be maintained because 
the duration of respiratory depression of doses of fentanyl employed during 
anesthesia may be longer than the duration of the narcotic antagonist action. 
Consult individual prescribing information tievallorphan, nalorphine and 
naloxone) before employing narcotic antagonists. 

When a tranquilizer such as /NAPSINE (droperidol) is used with SUBLIMAZE 
(fentanyl), pulmonary arterial pressure may be decreased. This fact should be 
considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements mighi determine 
final management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
generai anesthetics) will have additive or potentiating effects with SUBLIMAZE 
(fentanyl). When patients have received such drugs, the dose of SUBLIMAZE 
(fentany!) required wil! be tess than usual. Likewise, following the administra- 
tion of SUBLIMAZE (fentanyl), the dose of other CNS depressant drugs should 
be reduced. 

SUBLIMAZE (fentany!} should be administered with cautionto patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 

SUBLIMAZE (fentanyl) may produce bradycardia, which may be treated with 
atropine, however. SUBLIMAZE (fentany!) should be used with caution in pa- 
tients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as INAPSINE 
(droperidol), hypatension can occur. If this occurs, the possibility of 
hypovolemia should aíso be considered and managed with appropriate paren- 
terai fluid therapy. Repositioning the patient to improve venous return to the 
heart should be considered when operative conditions permit. Care should be 
exercised in moving and positioning of patients because of the possibility Ge 
orthostatic hypotension. If volume expansion with fiuids plus other countermea- 
sures do not correct hypotension, the administration of pressor agents other 
than epinephrine should be considered. Because of the aipha-adrenergic 
blocking action of INAPSINE {droperidol}, epinephrine may paradoxically de- 
crease the blood pressure in patients treated with INAPSINE (droperidol). 
When INAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) and the EEG is 
used for postoperative monitoring, it may be found that the EEG pattern returns 
to normal slowly. 

ADVERSE REACTIONS As with other narcotic analgesics, the most common 
serious adverse reactions reported to occur with SUBLIMAZE (fentanyl) are 
respiratory depression, apnea. muscular rigidity, and bradycardia: if these 
remain untreated, respiratory arrest. circulatory depression or cardiac arrest 
could occur. 

Other adverse reactions that have been reported are hypotension, dizziness, 
blurred vision, nausea, emesis, laryngospasm, and diaphoresis. 

When a tranquilizer such as INAPSINE {droperidol} is used with SUBLIMAZE 
(fentanyl). the following adverse reactions can occur: chills and/or shivering, 
restlessness, and postoperative hallucinatory episodes (sometimes associated 
with transient periods of mentai depression); extrapyramidal symptoms (dys- 
tonia, akathisia, and aculogyric crisis) have been observed up to 24 hours 
postoperatively. When they occur, extrapyramidal symptoms can usually be 
controlled with anti-Parkinson agents. Postoperative drowsiness is also fre- 
quently reported following the use of INAPSINE (droperidol). 

Elevated blood pressure. with and without pre-existing hypertension, has been 
reported following administration of SUBLIMAZE (fentanyl) combined with IN- 
APSINE (droperidol). This might be due to unexplained alterations in sympa- 
thetic activity following large doses; however, it is also frequently attributed ts 
anesthetic and surgical stimulation during light anesthesia, 


U.S. Patent No. 3.164.600 8/76 


McNeil Laboratories, Inc. 
McNEIL Fort Washington. Pa. 19034 
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The TEKTRONIX 414XA is a portable 
patient monitor weighing only 12 pounds, 
operating from either AC line or internal 
battery-pack power. It is a dual-trace in- 
strument that displays ECG and peripheral 
pulse and a digital readout shows heart rate 
or temperature. 


The 414XA includes pulse failure and 
high-low heart-rate alarms, automatic lead 
fault detector, and built-in signal generator 
for testing patient lead integrity. Twenty- 
five, 50, and 100 mm sweep speeds and ad- 
justable waveform size control are also fea- 
tured. 


Further information is available from 
Tektronix Medical Marketing, Beaverton, 
Oregon 97077. 
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Ohio Medical Products, Madison, Wis- 
consin, has available the OHIO Elapsed 
Time Indicator designed for installation in 
the MULTI-WALL® modular medical serv- 
ice walls or Patient Service Consoles. 





This solid state, dual function electronic 
chronometer serves as a 12-hour digital 
clock and zs a digital elapsed time indicator 
for recording elapsed time following car- 
diac arrest or other medical emergencies. It 
is particularly desirable for use in new in- 
tensive care or critical care areas, and in 
emergency rooms. 


z 
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Applied Medical Research, Tampa, Flor- 
ida, presents their DINAMAP available as 
a standard Hospital Unit Model 825 and 
as a Neonatal Unit Model 827 which moni- 
tors mean arterial pressure (MAP) auto- 
matically and noninvasively. Both units 
operate on the oscillometric principle using 
a plain blood pressure cuff and require no 
cuff mounted transducers or microphones. 
'The units feature digital display of MAP, 
variable cycle times and adjustable alarm 
limits. 





]t is claimed that DINAMAP provides accurate arterial pressure monitoring over a 
wide range of MAP (over 200 and below 25 mm Hg) on patients on which other indirect 
pressure systems may fail to operate because of non-detectable Korotkoff sounds or very 
low flow rates, and on difficult locations such as the wrist or ankle. 


* * * 


Shiley Laboratories, Irvine, California, 
has introduced the new Shiley Oral/Nasal 
Murphy Endotracheal Tube, featuring a 
new thin-walled, high volume, low pressure 
cuff. The cuff is designed to achieve occlu- 
sion at intra-cuff pressures of 25 mm Hg or 
less. When deflated, it adheres to the totally 
transparent tube to allow better visualiza- 
tion of the vocal cords and to minimize 
trauma. 


The new oral/nasal tube incorporates a 
reliable one-way luer valve pressure reten- 
tion system with an integral pilot balloon 
that serves as an indicator of intra-cuff volume and pressure. A 15 mm connector is fitted 
to the exact size of the tube, so that the airway is not narrowed. 





* * x 


Hospital Clogs Unlimited, San Rafael, 
California, introduces handmade wood and 
leather conductive surgical clogs, orthopedi- 
cally designed to give surgeons, anesthesi- 
ologists and surgical nurses maximum com- 
fort and support. 


It is claimed by Torben A. Frederiksen, 
founder of Hospital Clogs Unlimited, that 
“clogs are more comfortable and easier to 
use than the conductive booties and shoe 
coverings now used in American operating 
rooms.” 





The clogs meet the National Fire Protection Association’s safety: requirements with a 
built-in resistance of 0.25 megohm. The insteps are fitted with stainless steel bands con- 
nected to tiny wire resistors running through the core of the wooden sole. The resistor 
is attached to strips of conductive rubber on the sole’s bottom “grounding” wearers to 
prevent friction-induced fire. 


Conductive clogs are available for men and women in white, blue or green leather. 
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The OHIO Flowmeter Verification Device consists 
of a double tube, versatile flowmeter which covers a 
wide range of flows for gases commonly used on anes- 
thesia machines—O., N.O, C,H,, CO., He and Air. 
It has been calibrated to enable one to check each gas 
for several different flow rates in order to verify that 
the anesthesia machine flowmeters are reasonably 
accurate. 


The Flowmeter Verification Device will quickly and 
effectively determine if the flowmeter has been tam- 
pered with or if tubes and/or floats have been inter- 
changed, or if tubes and scales are mismatched. 





Bailey Instruments, Saddle Brook, New 
Jersey, present their fast reading Micro- 
probe Thnerrnometers. It is claimed that re- 
sponse time is less than two seconds with 
accuracy better than 1? C. Three models 
covering —220? C to -- 400? C are available. 








b 
$ 


* * * 


OMP Laboratories, Inc., Killingworth, 
Connecticut, has developed a hand-held 
automatic cardiac thermodilution injector 
for standardizing the injection rate in ther- 
modilution cardiac output determinations. 
The OMP Thermodilution Injector Model 
3700 delivers a 10cc injection of 5 percent 
Dextrose (0°-20° C) through a Swan-tianz 
catheter in 2.0 seconds. The Injector mey be 
used with a 10cc disposable syringe er in 
a flow-through configuration with the new 
OMP Thermodilution syringe set Cat, 43830 
for one or a series of closed-system deter- 
minations. 





The unit is CO. powered. A single disposable CO. cartridge yields over 20 determina- 
tions without the variability and operetor fatigue associated with manual injections. 
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Gould Inc, Statham Instruments Divi- 
sion, Oxnard, California, has developed a 
miniature physiological pressure transducer 
housed in an alumina case for complete 
electrical isolation between medical elect- 
ronics equipment and the patient. The new 
unit is known as the P50. 


Electrical design of the new unit protects 
both transducer and patient. The transducer 
will withstand direct exposure to a full 400 
watt-second defibrillator charge or maxi- 
mum electrocautery. Complete patient iso- 
lation up to 10,000 volts is provided. 


The new unit is 1.45 in. in diameter (3.68 
cm) and weighs only five grams net. Its 
small size and light weight, plus the com- 
plete electrical isolation, permit direct at- 
tachment to the patient. 


The P50 measures arterial, venous, pul- 
monary, wedge and intracranial pressures 
with high stability. Its pressure range is 
—50 to 300 mm Hg. Sensitivity is 50 ,V/V/ 
cm Hg, minimum. Combined nonlinearity 
and hysteresis is 0.5% full scale; repeatabil- 
ity is 0.2% full scale. 
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ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and ANALGESIA ... Current Researches, effective 
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Non-conductive 
blood pressure cuffs ... 


in color! 


















Color-code your departments! Dupaco offers 
high quality non-conductive blood pressure 
cuffs in red, blue denim, paisley or plaid. 
Monogramming available up to 20 

stitched letters, with department or 
individual's name. 


Stain resistant, washable, with velcro 
attaching strips for Dupaco Diasyst.® Sizes 


listed below. For more information write: 
Dupaco Inc., P.O. Box 98, San Marcos, CA 





92069. 

Adult S34" x 22" 
Medium Adult 5" x 1734" 
Child JA" x 144” 






JAUX EIC 









INCORPORATED 
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Classified Advertising 


m 


CRITICAL CARE POSITIONS—JULY 1977— 
Training and experience in management of crit- 
ically ill patients with emphasis on cardiore- 
spiratory physiology and respiratory care. Valid 
state license prerequisite. Prior residency 
training in anesthesiology, internal medicine or 
surgery required. Approved for optional year 
in anesthesiology. Contact: Andrew Forbat, 
M.D., Director of Intensive Care, Montefiore 
Hospital and Medical Center, Albert Einstein 
College of Medicine, 111 East 210th St., Bronx, 
New York. (212) 920-4383. 





ANESTHESIOLOGIST NEEDED—Board Cer- 
tified desired with supervisory experience, 
now have three anesthesiologists and thirteen 
CRNAs doing all types surgery except open 
heart. Involved in intensive care, respiratory 
care, pain clinic, school for CRNAs and stu- 
dent and resident training cooperating with 
Jefferson Medical School. Lovely family com- 
munity area. Call (412) 539-9711, ext. 273, or 
send resume to Mr. K. D. Bowman, Assistant 
Administrator, Latrobe Area Hospital, Latrobe, 
Pa. 15650. An equal opportunity employer. 





ANESTHESIOLOGIST: Board certified/eligi- 
ble to join newly formed group of anesthesi- 
ologists and nurse anesthetists in New Orleans. 
Fee for service private practice at 650-bed 
general hospital and newly opened Pediatric 
hospital. Write or call Metropolitan Anesthesia 
Associates, 4520 Melpomene, New Orleans, La. 
70185. (504) 822-9331. 


SO -—'—Y)j4—QUÜÜY 


DEPARTMENT OF ANESTHESIOLOGY, 
UNIVERSITY OF UTAH, has faculty positions 
at Assistant or Associate Professor levels in 
areas of Intensive Care and Obstetrical Anes- 
thesia. Must have interest in research and 
teaching as well as patient care. Salary negoti- 
able. Write to: K. C. Wong, M.D., Ph.D., Chair- 
man, Department of Anesthesia, 50 North Medi- 
cal Drive, Salt Lake City, Utah 84132. An equal 
opportunity affirmative action employer. 


————————————— — 


ANESTHESIOLOGISTS 


Needed or university-affiliated hospital in 
Southern Calif. Clinical teaching positions for 
Board eligible or Board certified anesthesiolo- 
gists with academic appointment through uni- 
versity. Calif. license required. All types of 
anesthesia are provided in 750-bed facility with 
active, fully approved anesthesia residency pro- 
gram. Will consider for immediate appointment. 
Remuneretion and fringe benefits commensurate 
with experience. Equal opportunity employer. 
Contact: Edward J. Mahoney, M.D. 

Acting Chairman, Anesthesiology 

UCLA School of Medicine 

Harbor General Hospital Campus 

1000 W. Carson Street 

Torrance, CA 90509 





ANESTHESIOLOGIST — Expanding sixty-two 
man mult:specialty clinic in Northwestern Lower 
Michigan, wimter-summer resort area, needs 
fourth to join three board certified anesthesi- 
ologists. Respiratory care and cardiovascular 
anesthesia training necessary. Good salary and 
excellent fringes. Send curriculum vitae to: 
J. R. Rasmussen, M.D., c/o Burns Clinic Medi- 
cal Center, P.C., 560 West Mitchell St., Petos- 
key, Michigan 49770. 





PEDIATRIC ANESTHESIOLOGY 
RESIDENCY 


Childrens Hospital of Los Angeles 


Three-phzse program: Clinical, Academic, In- 
vestigative, emphasizing practical aspects of 
DUSSDIORMIDNEY related to infants and chil- 

ren. 

AMA approval for third-year residency. Posi- 
tions available from two months to one year. 

Apply: George B. Lewis, Jr., M.D. 

Head, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 

Los Angeles, California 90054 


Phone (213) 660-2450, Ext. 2262 





Rates for classified advertising are $3.00 per line, minimum 5 lines. Box number ads $3.50 
per line. Classified Display rates on request. Copy deadline 6 weeks prior to publication. Do 
not submit payment with order; invoices will be sent for payment prior to publication. Ad 
copy, subject to acceptance by publisher, should be mailed to: Anesthesia and Analgesia... 
Current Researches, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 
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Dinamap provides a new dimension in non-invasive 
automatic monitoring of arterial pressure. 


Application Areas: 

OPERATING ROOMS —Routine monitoring of all 
surgical patients—hypertensive and hypotensive 
surger 

RECOVERY ROOMS—Automatic pressure 
surveillance during the critical postoperative 
period 


INTENSIVE CARE UNIT—Critical patient monitor- 


ing of both adult and pediatric patients— pressure 
monitoring during hypertensive and hypotensive 
agent administration 

OBSTETRICAL UNIT—High risk patient pressure 
monitoring—detection of hypotensive response to 
epidural anesthesia—monitoring of labile pres- 
sures associated with C-sections 

RENAL WARD—Aids in the detection and early 
treatment of hypovolemic shock during 
hemodialysis 

EMERGENCY ROOM —Provides effective blood 
pressure measurements when other indirect 


lp 


Applied Medical Research 
6B Columbia Drive, Tampa, FL 33606 (813) 251-8461 Telex 52658 


systems fail or are difficult to manage 
BURN UNIT—Effective blood pressure trends on 


any limb and over dressings 


Dinamap Advantages: 
SIMPLE—No transducers—no coupling jelly—no 
electrical connection to patient 

ACCURATE-— Proven clinically by comparison to 
direct arterial measurements 
VERSATILE—Operates effectively over a wide 
range of arterial pressures and physiological states 
AUTOMATIC— Requires no user adjustments for 
labile pressures, different cuff sizes or physio- 
logical conditions 

ADAPTABLE-—Operates effectively on most any 
limb location and over garments or dressings 
STABLE—Not affected by electrosurgical equip- 
ment—no effect on ECG display 

SMALL—Easily located in OR, RR, ICU or other 
premium space areas 
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f AT LAST! CLEAN AIR! 


PED- EVAC Gas Evacuator 


As, 


FOR INFORMATION WRITE TO: 


PED-EVAC Company 
Post Office Box 752 
Port Ancelas, Washington 98362 





PRECISE, ECONOMICAL, SAFE 
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RALS POWER UNIT 


.. . INSTANT ATOMIZATION FOR 
FAST TOPICAL ANESTHESIA 


Fast, measured topical anesthesia is ready at your 
finger tips in a Rals Power Unit. Forget about pumping 
bulbs, uneven atomization, and limited spraying dura- 
tion. The Rals Power Unit uses a non-toxic propellant, 
dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No's. 151, 152 and 163. instantly, 
a fine mistlike spray is produced. A graduated solution 
vial is available for measuring the amount of solution 
administered. 

The Rals Power Unit has been proven effactive in 
cocainization prior to endotracheal intubatioa, endo- 
scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rals Power Unit #168 are supplied six to a Dox with 
adaptor top and metal base. illustration shows 2152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERATURE, PRICE LIST. 


RALS LABORATORIES DIVISION 


ScuuEmnnrí ` 
ox aóotatotbd. re. 


480 WEST AURORA ROAD - NORTHFIELD, OHIO 44067 | LT — "  SL-45 








ANTILIRIUM 


(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consult complete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation of acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why neo- 
stigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
MAY PRODUCE: 
COMA, MEDULLARY PARALYSIS AND DEATH. 


CENTRAL TOXIC EFFECTS MAY INCLUDE: 
HALLUCINATIONS, DELIRIUM, DISORIENTA- 
TION, ANXIETY AND HYPERACTIVITY. 





Dramatic reversal within minutes of coma, hallucina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered anoxia 
or other insult. Therapeutic doses may be necessary 
at intervals as life-threatening signs recur. Physostig- 
mine is destroyed in the body in 60 to 120 minutes. 


CONTRAINDICATIONS:Physostigmine should not 
be used in the presence of asthma, gangrene, dia- 
betes, cardiovascular disease, mechanical obstruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving choline 
esters or depolarizing neuromuscular blocking 
agents. 


WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 


An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. m. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is 0.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 


IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. per ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
out prescription. 


REFERENCES: 


Greene, L, T: Physostigmine treatment of anti- 
cholinergic drug depressionin postoperative patients. 
Anesth & Analg, March-April 1971; 50-2: 222-226. 
Rumack, B.: Anticholinergic poisoning: Treatment 
with physostigmine. Pediatrics, Sept. 1973. 

Slovis, T. L., Ott, J. E., Tietelbaum, D. T., and Lips- 
comb, W.: Physostigmine therapy in acute tricyclic 


antidepressant poisoning. Clinical Toxicology, 
4:451, 1971. 


DRUGS AND CHEMICALS CAPABLE OF PRODUCING ANTICHOLINERGIC POISONING: 


AMITRIPTYLINE 
(Elavil, Triavil, 
Etrafon) 
ANISOTROPINE 
METHYLBROMIDE 
ATROPINE 
BELLADONNA 
BENACTYZINE 
CHLORPHENIRAMINE 
CYCLOPENTOLATE 


DESIPRAMINE 
{Norpramin, 
Pertofrane) 


DICYCLOMINE 
DIPHENHYDRAMINE 
DOXEPIN 

(Sinequan) 
HOMATROPINE 
HYOSCINE 
HYOSCYAMUS 
IMIPRAMINE 


ISOPROPAMIDE 
MEPENZOLATE 


(Tofranil, Presamine) 





METHANTHELINE 
METHAPYRILENE 
NORTRIPTYLINE 
(Avent yl) 
PIPENZOLATE 
BROMIDE 
(Piptal) 
PROPANTHELINE 
PROTRIPTYLINE 
(Vivactil) 
PYRILAMINE 


SCOPOLAMINE 
STRAMONIUM 
PHENOTHIAZINES 
TRICYCLIC 
ANTIDEPRESSANTS 
(Aventyl, Elavil, 
Etrafon, Norpramin, 
Pertofrane, 
Presamine, Tofranil, 
Triavil, Vivactil) 
THIORIDAZINE 
(Meilarit) 


O'NEAL, JONES & FELDMAN, INC. 


2510 METRO BL VD. * ST. LOUIS, MO. 63043 » (314) 569-3610 
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l. A. R. S. MEMBERSHIP 
For Your In-training and Continuing Medical Education 


MEMBERSHIP CERTIFICATE | 


C. M. EDUCATION, M.D. 















IS A MEMBER IN GOOD STANDING 


TO 





International ARYA 


ed E 

"M 

M rA E 
or 


NARI SALT HIN Sri nee ERM NEL EMRE Len o x Ker ASA EAA e SEAL e et 


The International Anesthesia Research Society is a non-profit, scientific ard educational corporation of the State 
of Chio founded in 1922 "To Foster Progress and Research in Anesthesia." To this end it performs two functions: 
(1) it publishes a bi-monthly journal, “ANESTHESIA and ANALGESIA . . . Current Researches"; and (2) It 
sponsors an annual scientific "Congress" meeting which meets the criteria for Category 1 credit toward the AMA 
Physicians Recognition Award. 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any other local, state 
or national anesthesia organization. 


MEMBERSHIP - ASSOCIATE MEMBERSHIP 


MEMBERSHIP is open to individuals with doctorate degrees, licensec to practice in the medical, dental, osteo- 
pathic or veterinary medicine professions (i.e. MD, MB, DDS, DMD, DO, DMV); and to individuals with doctorate 
degrees (Ph.D.) in any scientific discipline, engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP is open to individuals in the allied health professions, duly certified by their pro- 
fessional accrediting organization as nurse anesthetists (CRNA), physician assistants-anesthesia (PA-Anesth.), 
inhalation therapists (ARIT) or respiratory technicians (CRTT). 


DUES are $25 per year for Members and Associate Members, and include a subscription to ANESTHESIA and 


ANALGESIA .. . Current Researches. Members are also entitled tc reduced registration fee at IARS annual 
scientific meetings. 


EDUCATIONAL MEMBERSHIP 


EDUCATIONAL MEMBERSHIP is open to interns and residents in anesthesiology training programs; registered 
nurses enrolled in nurse anesthesia schools; students in inhalation or respiratory therapy training programs, or 
in physician assistant anesthesia programs. 


The official Educational Membership application blank must be completed by the individual applicant, and 
signed by his or her training program director. 


Dues are $25 for a single, two-year period during the member's anesthesia training period, and include a two- 
year subscription to ANESTHESIA and ANALGESIA ... Current Researches. Educational Members are entitled to 
complimentary registration at IARS annual scientific meetings. 





Application forms are available from Cleveland business office. Program Directors are invited to obtain a 
supply of Educational Membership applications for their students in training. 
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EMERSÓN 


IM YIVentilator 


Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 


valuable for infants and for use in “weaning” adults as 
they improve. 


Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a "mandatory" breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does no! 
have to "take over’. The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 


At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed. by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventually mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particularly for infants, since their rates are rapid 
and their inspiratory impulses are slight. If synchronization is less than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under such circumstances, blood levels of CO: 
rise, as noted by Kirby and associates.' 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to be hyperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs of neurological or metabloic disorders. 
Lowered muscle tone may impair venous return, and hence cardiac output. The effects of such drugs 
are particularly hard to predict in intants. 





Hyperventilation (often used to suppress spontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels of calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hy pocarbia.? Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 


All of these pit-falls can be avoided by using continuous-flow IMV. 


Please request Form 3-MV. 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 
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ip NARK OM ED 


TOTAL ANESTHESIA SYSTEM 


NARKOMED, a refreshing new concept 
in anesthesia machine design and styling, 
incorporating a contemporary anesthesia 
dispensing system with a built-in fluidic 
anesthesia ventilator and the widest variety 
of options. 

Please return the accompanying coupon 
fer further information. 


NORTH AMERICAN DRAGER 


P.O. BOX 121, TELFORD, PENNSYLVANIA 18969 
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TOTAL ANESTHESIA SYSTEM 
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Withthe new 
universal 









tube guide. 


The old familiar way Öf intu 


not necessarily the-better way. The bett 
way to prepare fór the unexpected during 
the critical period of induction and to in- 
crease the rate of succe: e 
intubations is to ro 
STYLETTE. Its ne 
inates the ne 
and the stop- controls the extent of 
its advancement into the endotracheal tube, : 
These features, plus its versatility and mall- | 
eability reduce the difficulties encountered : 
with normal. anatomical variations, such as | 
a small mouth, protruding teeth or bull 
neck as well as páthological.obstacles, 
Why not update your procedure with 
the addition of theSLICK STYLETTE as 
a standard part of your intubation pack 
so it's always there when you need it? 















Disposable Slick Stylette 
is packaged in a sterile 
Tyvek Mylar peel-away 
package. Fits all sizes 
and types of tubes | 
from 3.5mm pediatric, 
to 10, 5mm adult, 


Reg. U.S. 
Pat. Off, 


Evaluation sample 
and literature 
on request. 


Medical Products Div. P.O.L.A. Plastics Co., Dept. B 
P.O. Box 2086, Van Nuys, Ca. 91408 (213) 368-2002 





ANESTHESIA and ANALGESIA . . . Current Researches 





51st 
CONGRESS 


MARCH 6-10, 1977 


Juternational 
Anesthesia Research Society 


DIPLOMAT RESORT AND COUNTRY CLUBS 
HOLLYWOOD, FLORIDA 


FOR MONOSCOPE 
MONITORING COMFORT 
CUSTOM EARPIECE 


Made From Your Own Ear impression 


“Do It Yourself Impression Procedure” Proven 
At Many Hospitals Over Period of Several 
Years. 


Impression Kit and Full Instructions 
Complete With Postage Prepaid.Mailer $1.00 


Lucite Custom Earmold With Coupler . $8.50 


One Week Delivery. Full Guarantee. 
Full information upon request. 
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For components, features, 
"performance" in single-use 
anesthesia trays, just say the 
word. 

The trays you ve counted 
on from the start now offer you 
even more to go on. 

Back in 1963 we intro- 
duced the world's first single-use, 
regional anesthesia trays. - 

‘Today, with a record of safe 
performance difficult to equal, we 
offer you an even wider selection 
of components and features — 
just as difficult to match — in 
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When to use the word Phar mà. seal. 


Trays that offer you a new 
fenestrated drape with its own 
adhesive tabs. 

arge, moisture-resistan 

hospital wrap with a new ‘wrinkle’ 
for better procedure. 

us, a specially designed 
introducer needle, a clear 5-cc. 
Stylex® syringe, a unique aseptic 
transfer carton...and a variety of 
other first-quality components 
and drugs. 

But see for yourself what 
we're talking about. See the trays 
with performance you can count 
on. For samples, just call or write. 

You know the word to use. 





H 








i 
SUNT 











NISUS 
AI 5 
LUNA. i Me 
Db : UE 
D ae ES i S st 





exe 






BS 


d 


we 






PRESIES 
iem 










Zip . s Ext 
SRI Ad 


Sve 2 f 
TRES y E Ea SEN 


M 





des 


S 


n 


^ 
M 
d 











2x 


E 

E 

d 
cdi 








P 
Li 














s 


i 


Li 


c 


Sra 


eas 


x 


i 


d op 
5 uu ma $ 


deus 




















] TREE PEEP SoS ES oer ei 
E mu TAA AF a poe ae Peres ICE OT E 
PB n x SERED ED LES Re us MASNILZUA E 
n Pu Pe DRE VMLULS T SRE 
B TUER. PE DRE ae X VU REG 
K [ms ay eue n P E š 7 Mes zs T puei pi mU 
a " KELU T H 7 eee pb DWADAWS ET 


er 





Selecting the right drug for continuous epidural anesthesia is ne 
your concern. Providing a good system to help you administer 





it is ours. Thats why the TRAVENOL® Twin-Tray contains only 
the essentials. | 

The component section has an all metal Tuohy needle, à 
5 ml glass syringe, a 19g radiopaque catheter, and a syringe 
with needles for the skin wheal or deeper infiltration. The tray 
also features a slip-on adapter that simplifies connecting : 
catheter and syringe. And the drepe and prep section can be 
easily removed, giving you the choice of mixing drugs first or 
prepping first. All that's needed to complete our tray is your 
judgment in selecting drugs. 
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See directions for use accompanying this product. 


TRAVENOL LABORATORIES, INC. | 


MEDICAL PRODUCTS DIVISION 
* DEERFIELD. ILLINOIS. US A. 60015 
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After tape removal, corneal damage is noi 
evident on gross inspection. 


Corneal abrasion...the most common ocular 
complication of general anesthesia. * lt is pain- 
ful, may progress to inflammation of the uveal 
tract, and in the presence of contamination may 
lead to a serious infection.” 


This patient's eyes were taped shut and 
monitored throughout a surgical procedure 
that lasted several hours. No ocular lubricant 
was used: The cause of the corneal abrasion 

is unknown...but it might have been prevented 
if Lacri-Lube® sterile ophthalmic ointment had 
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References: }. Snow LC. et al. Corneal in 





"Untoword Ophthalmic and Neurologic Events of An 
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After fluorescein staining, the green band delin- 
eates area of epithelial injury. 


been used as an added precaution before the 
tape was applied. 


Lacri-Lube. The first sterile, nonmedicated 
ophthalmic ointment designed solely to lubri- 
cate the eye and protect it against the risk of 
chemical insult, dehydration, or corneal 
abrasion. 


Whether you tape or not, make Lacri-Lube 
a part of your standard procedures fo minimize 
the risks of general anesthesia. 
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Lack of resources can endanger a patient's life. For critical 
patients, clinicians would use their best available ventilator. For a 
routine case, any ventilator would suffice. 
| The problem lies in situations where a Rc routine case 

suddenly becomes complicated. Without a ventilator which corres- 
ponds to the clinician’s entire capabilities, the clinician can 
suddenly become technically limited. 
-> The Servo Ventilator with its related component attachments 
enables the clinician to deal with ev ery eventualit y, avoiding | 
improvisation and resulting in the saving of lives. 











The Servo Ventilator System. | 





The Servo Ventilator is an electronically controlled lung 
ventilator light, small, quiet. And designed to cepe with all situations, 
however critical. It will ventilate premature infants, children, or 
adults with the same effectiveness. Whether during intensive care 
or in conjunction with the administration of anesthesia. 

It has a built-in monitoring system continuously measuring and 
displaying airway pressure ar.d expired minute volume, even during 
IMV and spontaneous breathing, including C. P[A. P. 

The Servo Ventilator is part of an expanding system to provide 
the best therapy and most accurate monitoring. allowing more 
complete diagnosis and care. 








NEW! CO2 Analyzer 938. 


A new technique permits direct, instantaneous, non-invasive 
measure of COsconcentration, CO» production, and alveolar ventilation. 
Simplifies setting of the vent:lator and minimizes the need for blood. 
gas analysis. Monitors metabolism to assist in the administration... 
of nutrients and aids in diagnosis of sudden changes in respiration/. 
circulation. 


NEW! Lung Mechanics Calculator 940. | : " 


Calculates and displays on a breath-to-breath basis, s six T 
mechanics parameters including compliance, resistance, and end- 
expiratory lung pressure. Provides unique possibilities to diagnose 
and follow subtle respiratory system changes, and indicates true lung 
pressure when using PEEP. 








NEW! Monitoring Unit 910 and Alarm U init 920. 5 


Provides for bedside and remote monitoring of infant and adult 
tidal and minute volumes, plus continuously updated “frozen” 
indications of peak, pause, ar.d mean airway pressures. Up to six 
patients can be monitored br one unit. 

The Servo Ventilator and all components have outputs for 
various recording possibilities. 

Write to us. We will gladly send you one of our new 24 page full 
color booklets. 





SIEMENS-ELEMA 
| Siemens > gration, Ventilator Products, 
685 Liberty Avenue, P.O. Box 554, Union, New Jersey 07083, Telephone: (201)964-0575 


For countries outside US: 
SIEMENS-ELEMA AB, Ventilator Dept., 5-171995 Solna, Sweden 
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in 18 years of use in the United States, UE 
FLUOTHANE ( ucc has been ad- 
ministered over 100 million times in a wide 
variety of surgical proc 100 million 
..extensive usage and eva ation M 
attests to bride T 













4,000 papers worldwi de five been pub- 
lished, ranging from reviewarticles to 
in-depth studies, 4,000 papers.. : m 
a bibli iographic record of noteon the most. 

© widely used i inhalant anesthetic. TN 


E (HALC 









e nonflammable, nonexplosive ive 
e permits use ¢ of pign concentrati ions of 
OXVgen Rut : 

e allows free use of cautery for more 
adequate control of bleeding 
e minimal odor facilitates smooth, rapid 
irduction, reduces patient distress 
e early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
e lessens airway problems 
e permits rapid adjustment of depth o 
anesthesia 
e emergence is rapid and tranquil with 
quick recovery of protective reflexes 
e minimal nausea and vomiting, shorter 
recovery room stay 
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‘in halant anesthetic 


for precision, experience, 
quality, : and d service 








(Complete text of jacket EU | 
Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, l-trifluoroethane 
and has the following structural formula: 





F Br 

N "4 
Fe————Cc—C C 

4 

F H 


The specific gravity is 1.872-1.877 at 
20° C., and the. boiling point (range) is 
49° C. 5r C. at 760 mm. Hg. The vapor 
pressure is | 243. mm. Hg at 20° C, The 
blood/gas coefficient is 2.5 at 37^ C., and 
.the olive oil/water. coefficient is 220 at 
37* C. Vapor concentrations within anes- 
thetic range are. nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor: attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, arid similar mate- 
rials are soluble. in FLUOTHANE; such 
materials will deteriorate rapidly. in con- 
tact with FLUOTHANE- vapor. or liquid. 
Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymo! 
(w/w), and storage is in amber colored 
bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizer bottles not specifically 
designed for its use. Thymo! does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should. be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 








ether has been removed before reusing - 


the equipment to avoid introducing ether 
into the system. 

Actions, FLUOTHANE is an inhalation 
anesthetic, Induction and recovery are 
rapid and depth of anesthesia can be 
rapidly altered. FLUOTHANE progres- 


ANESTHESIA and ANALGESIA . . 


|" sively depresses respiration. There may 
. be tachypnea with reduced tidal volume 
. and alveolar ventilation. FLUOTHANE is 
. not an irritant to the respiratory tract, 


brand of halothane - 
and laryngeal reflexes are rapidly ob- 


ihe most widely used — 





and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 


tunded, ít causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUCTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia, FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These inciude 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter leveis of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When orevious exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given 
to the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficuit to avoid. The patient should 
be closely observed for signs of overdos- 
age, Le., depression of blood pressure, 
pulse rate, and ventilation, particularly 
during assisted or controlled ventilation. 

Usage in Pregnancy; Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal deveiopment. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 


the potential benefits outweigh the un- 
. known hazards to the fetus. 
Precautions. The uterine relaxation ob- 


tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 





. Current Hesearches 


FLUOTHANE is indicated, administratione. 
should be preceded by measures ordi" ™ 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 

Nondepolarizing. relaxants and gangli- 
onic blocking agents should be adminis- ' 
tered cautiously, since their: actions are 
augmented by FLUOTHANE. 
Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from . 
patient to patient. The maintenance dose © 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
billzed with 0.01% thymol (w/w). 
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Dupaco's new Liqui-Seal' Systems solves 
pressure problems associated with air filed 
Tracheal Tube cuffs by eliminating air itself. 
This is accomplished by filling the cuff with 
saline solution from a self-contained reservoir. 
Since the fluid in the cuff system is incom- 
pressable, as compared with air, the pressure 
on the tracheal mucosa will vary directly with 
the height of the top of the fluid reservoir 
above the cuff at the time the cuff inflation 
valve is closed. The use of Liqui-Seal™ Sys- 
tem gives the following advantages: 

l. Positive seal at extremely low pressure. 

2. Safe for prolonged use without pericdic 

cuff deflation, 
3. Cuff pressure readily regulated. 





4. Cuff pressure constant during N20 
anesthesia. 
9. Ne change in cuff pressure due to 
alttude changes (air evacuation). 
6. Maximum pressure obtainable RPHIOE 
4Com HzO. 
7. One hand operation. 
Liqui-Seal™ Tracheal Tubes are available in 
five sizes, have Murphy eye and are sterile 
packaged in convenient peel packages with 
appropriate connector. 


DUPACO 


INCORPORATED 





P.O. Box 38, San Marcos, CA 92069 
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Potent narcotic analgesic actic Un. 
h an added dimension ol control 
oUBLIMAZE*" (fentanyl) provides: 


e Profound analgesia with minimal 
cortical depression 









e Rapid onset of analgesia — 
peak effect within 5 minutes I. V., 8 minutes |. M. 


e Short duration of analgesic action - Ll 
30 to 60 minutes with a single I. V o Ww 
dose of up to 0.1 mg. (Respiratory depressant 
effects may last longer than the 
analgesia.) 





e immediate reversibility by narcotic 
antagonists 


e Little or no histamine release — 
decreased risk of cardiovascular instability 


e Minimal emetic effect — 
has been used successfully to prepare nonfasting - 
patients for awake intubation 









BLI 


( ELLO injection 


0.05 mg./mi. asthe citrate — Sodium hydroxide j adjustment of pH to 4.0-7.5 
Warning: May be habit forming 





: ntanyl) } injection is available for use only upon direction of a dci 
z platine i0 Coniraindications. Warnings Precautions ann Advarco Beamte fre CUI IEAA TEC du. 


















0.05 mg. /ml. as the citrate 


entanyl) injection 


ANESTHESIA and ANALGESIA . . . Current Researches 
jesic action... 





Sodium hydroxide for adjustment of pH to 4.0-7.5 


Warning: May be habit forming 


“INDICATIONS SUBLIMAZE (fentanyl) is indicated: 
“= for analgesic action of short duration during the anesthetic periods, premedi- 
“Cation, induction, and maintenance, and in the immediate postoperative period 
“ofecovery room) as the need arises. 
> ~ for use as a narcotic analgesic supplement in general or regional anesthesia. 
-for administration with a neuroleptic such as INAPSINE ® (droperidol) injection 
as an anesthetic premedication, for the induction of anesthesia and as an 
adjunct in the maintenance of general and regional anesthesia. 
CONTRAINDICATIONS SUBLIMAZE (fentany!) is contraindicated in patients 
with known intolerance to the drug, 
WARNINGS AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE 
: jag SUBLIMAZE (fentanyl) SHOULD HAVE APPROPRIATE SURVEIL- 
. LANCE. 
C RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE 
_ READILY AVAILABLE TO MANAGE APNEA. 
^ See altso discussion of narcotic antagonists in Precautions and Overdosage. 
if SUBLIMAZE (fentany!) is administered with a tranquilizer such as INAPSINE 
_ (droperidol), the user should familiarize himself with the special propertes of 
> each drug, particularly the widely differing durations of action. In addition, when 
v such a combination is used fluids and other countermeasures to manage 
< hypotension should be available. 
= As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE 
— fentanyl) persists longer than the measured analgesic effect. The totai dose of 
- all narcotic analgesics administered should be considered by the practitioner 
< before ordering narcotic analgesics during recovery from anesthesia. it is 
< recommended that narcotics, when required, should be used in reduced doses 
- initially, as low as 1/4 to 1/3 those usually recommended. SUBLIMAZE (fentany) 
^'^ may cause muscle rigidity, particularly involving the muscles of respiration. The 
^. effectis related to the speed of injection and its incidence can be reduced by 
the use of slow intravenous injection. Once the effect occurs, it is managed by 
‘the use of assisted or controlled respiration and, if necessary, by a neuromuscu- 
=r lar blocking agent compatible with the patient's condition. 
- Drug Dependence — SUBLIMAZE (fentany!) can produce drug dependence of 
-< the morphine type and therefore has the potential for being abused. 
Severe and unpredictable potentiation by MAO inhibitors has been reported 
with narcotic analgesics. Since the safety of fentanyl in this regard has not been 
4: established, the use of SUBLIMAZE (fentanyl) in patients who have received 
5 MAO inhibitors within-14 days is not recommended. 
^. Head injuries and increased intracraniai Pressure — SUBLIMAZE (fentanyl) 
- should be used with caution in patients who may be particularly susceptible to 
^^ respiratory depression, such as comatose patients who may have a head injury 
or brain tumor, In addition, SUBLIMAZE (fentanyl) may obscure the chinical 
course of patients with head injury. 
: Usage in Children ~ The safety of SUBLIMAZE (fentanyl) in children younger 
“than two years of age has not been established. 
Usage in Pregnancy — The safe use of SUBLIMAZE (fentanyl) has not been 
established with respect to possible adverse effects upon fetal development. 
© Therefore, it should be used in women of childbaaring potential oniy when, in 
£^ the judgment of the physician, the potential benefits outweigh the possible 
=. hazards. There are insufficient data regarding placental transfer and fetal ef- 
^. tects; therefore, safety for the infant in obstetrics has not been established. 
> PRECAUTIONS The initial dose of SUBLIMAZE (fentanyl) should be appro- 
:'- priately reduced in elderly, debilitated and other poor-risk patients. The effact of 
the initial dose should be considered in determining incrementa! doses. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves. 
Through other mechanisms (see Actions) SUBLIMAZE (fentanyl) can also alter 
respiration. Therefore, when SUBLIMAZE (fentanyl) is used to supplement these 
torms of anesthesia, the anesthetist should be familiar with the physiological 
alterations involved, and be prepared to manage them in the patients selected 
for these forms of anesthesia, When used with a tranquilizer such as IN AFSINE 
(droperidol), blood pressure may be altered and hypotension can occu’. 
Vital signs should be monitored routinely. 
SUBLIMAZE {fentanyl} should be used with caution in patients with chronic 
















obstructive pulmonary disease, patients with decreased respiratory reserve, 
and others with potentially compromised respiration. In such patients, narcotics 
may additionally decrease respiratory drive and increase airway resistance. 
During anesthesia, this can be managed by assisted or controlled respiration. 
Respiratory depression caused by narcotic analgesics can be reversed by . 
narcotic antagonists. Appropriate surveillance should be maintained because is 
the duration of respiratory depression of doses of fentanyi employed during 
anesthesia may be longer than the duration of the narcotic antagonist action 
Consult individual prescribing information (levallorphan. nalorphine and 
naloxone) before employing narcotic antagonists. 

When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE 
ifentanyl), pulmonary arterial pressure may be decreased, This fact should be 
considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine 
final management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, arid 
genera! anesthetics) wil! have additive or potentiating effects with SUBLIMAZE 
(fentanyl). When patients have received such drugs. the dose of SUBLIMAZE 
(tentanyl) required will be fess than usual. Likewise, following the administra- 
tion of SUBLIMAZE (fentanyl), the dose of other CNS depressant drugs should 
be reduced. 

SUBLIMAZE {fentanyl} shouid be administered with caution to patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 

SUBLIMAZE (fentany!} may produce bradycardia, which may be treated with 
atropine; however, SUBLIMAZE (fentany!) shouid be used with caution in pa- 
tients with cardiac bradyarrhythmias, 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as INAPSINE 
(droperidol), hypotension can occur. If this occurs, the possibility of 
hypovolemia should also be considered and managed with appropriate paren- 
teral fluid therapy. Repositioning the patient to improve venous return to the 
heart should be considered when operative conditions permit. Care should be 
exercised in moving and positioning of patients because of the possibility of ~ 
orthostatic hypotension. If volume expansion with fluids plus other countermea- " 
sures do not correct hypotension, the administration of pressor agents other 
than epinephrine should be considered. Because of the alpha-adrenergic 
blocking action of INAPSINE (droperidol), epinephrine may paradoxically de- 
crease the blood pressure in patients treated with INAPSINE (droperidol). 
When INAPSINE (droperidol) is used with SUBLIMAZE (fentany!) and the EEG is 
used for postoperative monitoring, it may be found that the EEG pattern returns 
io normal slowly. 

ADVERSE REACTIONS As with other narcotic anaigesics, the most common 
serious adverse reactions reported to occur with SUBLIMAZE (fentanyl) are 
respiratory depression, apnea. muscular rigidity, and bradycardia: if these 
remain untreated, respiratory arrest, circulatory depression or cardiac arrest 
could occur. 

Cher adverse reactions that have been reported are hypotension, dizziness, 
blurred vision, nausea, emesis, taryngospasm, and diaphoresis. 

When a tranquilizer such as /NAPSINE {droperidol} is used with SUBLIMAZE 
fentanyl), the following adverse reactions can occur: chills and/or shivering, 
rastiessness, and postoperative hallucinatory episodes (sometimes associated 
with transient periods of mental depression); extrapyramidal symptoms (dys- 
ionia, akathisia, and oculogyric crisis) have been observed up to 24 hours 
postoperatively. When they occur, extrapyramidal symptoms can usually be 
controlled with anti-Parkinson agents. Postoperative drowsiness is also fre- 
quently reported following the use of INAPSINE (droperidol). 

Elevated blood pressure, with and without pre-existing hypertension, has beer 
reported following administration of SUBLIMAZE (fentanyl) combined with iN- 
APSINE (droperidol). This might be due to unexplained alterations in sympa- 
thetic activity following large doses; however, ii is also frequently attri buted ta” 
anesthetic and surgical stimulation during fight anesthesia. 


U.S. Patent No. 3,164,600 876 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 
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NORTH AMERICAN DRAGER 


P.O. Box 121 
Telford, Pa, 18969. 


| 
NARKOMED, a refreshing new concept | 

in anesthesia machine design and styling, 
incorporating a contemporary anesthesia 
dispensing system with a builtin fluidic | 
anesthesia ventilator and the widest variety | 
of options. | 
Please return the accompanying coupon | 

_ for further information. | 
| 

| 

| 

| 

| 

| 





— — Please send information on the NARKOMED 
TOTAL ANESTHESIA SYSTEM ^. 

Please include a copy of Anesthesia Accessories 
Catalog NES 

Piaase send information on 
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OHIO Critical Care 
Ventilator with 

intermittent mandatory 
ventilation "engineered: 
in." Assists ventilation: 








VORTEX“ Respiration Monitor 
measures tidal volumes 

continuousiy, totalizes to obtain 
minute volume. 


Disposable Endotracheal T. 
new, uncuffed or with 


Disposable Anesthesia 
Breathing Circuit with 
conductive, cushioned masks in 
three sizes. Our bacteria filter- 
pathogen trap fits most 
anesthesia circuits. 








One system designed to suit all can't really satisfy You can depend on over 100 factory-trained Ohio 
everyone. Because somewhere along the line you have — servicemen and six service centers in the U.S. and 
to compromise. Each of you has your own ideas about Canada to keep your anesthesia equipment performing. 
how best to provide excellence in patient care in your Plus a knowledgeable sales staff. 








own operating theater. And each OR has its unique send for information. Or send for your salesman. 
s needs. Ohio will help you develop a reliable, sophisticated 
Most new systems begin with one of the four OHIO“ anesthesia system. One you can build on when future 
anesthesia machines. Rugged. Practical. Versatile. technologies develop. So, you'll never have to 
Functicnal. Delivering your preference in anesthetic compromise in caring for your patients. 


agents with accuracy and safety. 
Then, your system grows to support your skills and 


v 
techniques, as you add accessories and options from I h lU Medical Products AIRC 
Ohio: Vaporizers, ventilators and absorbers, monitors, 
disposables, medical gases, and gas evacuation 3030 Airco Drive, P.O. Box 7550, Dept. 305 
systems. And we always have more on the way. Madison, Wisconsin 53707 








HOPE * Hi resuscitator with a new 
valve and the facility to 
administer enriched oxygen 
Concentrations. 








to-use, temperature and 
compensated with excellent 







New Trace Gas Analyzer detects 
and measures the concentration 
of nitrous oxide in the operating 
room atmosphere; alerting OR 
personnel to leak sources. 

















/— (Physostigmine Salicylate). | 


! p mevemece MOST POST-OPERATIVE 
. DELIRIUM AND PROLC ON GED SOMNOLENCE 





| | E tora prescribing, please consult complete product: 
i information, a summary. of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate} 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated. by the formation of acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetyicholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why neo- 


stigmine does not cause reversal of anticholinergic- 


e . induced delirium. while physostigmine does. 











INDICATIONS: TO REVERSE THE TOXIC EF- 


- FECTS UPON THE CENTRAL NERVOUS SYS- 
- TEM CAUSED BY DRUGS IN CLINICAL OR 


TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
"MAY PRODUCE: 
: COMA, MEDULLARY. PARALYSIS AND DEATH. 


/ . CENTRAL TOXIC EFFECTS MAY INCLUDE: 
HALLUCINATIONS, DELIRIUM, DISORIENTA- 


TION, ANXIETY AND. HYPERACTIVITY. 


Dramatic reversal within. minutes of coma, hallucina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered anoxia 
or other insult. Therapeutic doses may be necessary 
at intervals as: life-threatening signs recur. Physostig 


mine is destroved i in the body in 60 to 120 minutes. 


| CONTRAINDICATIONS: Physostigmine should not 
- be used in the presence of asthma, gangrene, dia- 
E betes, cardiovascular. disease, mechanical obstruc- 
^s tion of the: 
E vagotoni ate, and in patients receiving choline 
.. esters Or:  depolarizing neuromuscular blocking 
sagen ae ae 









ntestines or urogenital tract or any 


DICYCLOMINE 
DIPHENHYDRAMINE 
DOXEPIN 

(Sinequan) 
HOMATROPINE 
HYOSCINE 

HYOSCYAMUS 

IMIPRAMINE 


(Tofranil, Presamine) 


.. £SOPROPAMIDE 
 DESIPRA ^ MERENCOERIE 
 "MMorprimin, = 

UR 





WARNING: af excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


Intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 


An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is 0.5 to 2.0 mg. intra- 
muscularly or intravenously. intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 


IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. per ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
out prescription. 


REFERENCES: 


Greene, L. T.: Physostigmine testment of anti 
cholinergicdrug depression in postoperative patients. 
Anesth & Analg, March-April 1971; 50-2: 222-226. 


Rumack, B.: Anticholinergic poisoning: Treatment 
with physostigmine. Pediatrics, Sept. 1973. 


Slovis, T. L, Ott, J. E., Tietelbaum, D. T., and Lips- 
comb, W.: Physostigmine therapy in acute tricyclic 
antidepressant poisoning. Clinical: Toxicology, 
4:451, 1971. 


METHANTHELINE 
METHAPYRILENE 
NORTRIPTYLINE 
(Aventyl) 
PIPENZOLATE 
BROMIDE 
(Piptal) 
PROPANTHELINE 
PROTRIPTYLINE 
(Vivactil) 
PYRILAMINE 


SCOPOLAMINE 
STRAMONIUM 
PHENOTHIAZINES 
TRICYCLIC 
ANTIDEPRESSANTS 
(Aventyl, Elavil, 
Etrafon, Norpramin, 
Pertofrane, 
Presamine, Tofranil, 
Triavil, Vivactil) 
THIORIDAZINE 
{Mellarit) 


O'NEAL, JONES & FELDMAN, INC. 


2510 METRO BLVD. «ST. Louis, MO. 63043 * (314) 569-3610 
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A Postgraduate Seminar in Respiratory Care and a Seminar for Critical Care 
Personnel will be held June 24-26, 1977, in the Americana Hotel, Miami Beach, 
Florida. Sponsored by the Department of Anesthesiology, Mount Sinai Medical 
Center, Frank Moya, M.D., Chairman. Each program is acceptable for 14 hours of 
Continuing Education Credits in Category I. Send registration to the Seminar 
For Critical Care Personnel, 1200 N.W. 10th Avenue, Miami, Florida 33136. 


* * * 


The Fifth Annual Postgraduate Seminar in Pediatric Anaesthesia will be held 
May 21-22, 1977, at the Drawbridge Motor Inn, Ft. Mitchell, Kentucky. Sponsored 
by Department of Anaesthesia, University of Cincinnati Medical Center. Send 
your registration to Mrs. Cherie Frankenberg, Department of Anaesthesia, Room 
3506, University of Cincinnati, College of Medicine, 231 Bethesda Avenue, Cincin- 
nati, Ohio 45267. 

* * * 


The Fourth Annual Symposium “Anesthesia and the Geriatric Patient" spon- 
sored by Washington University School of Medicine, Department of Anesthesi- 
ology, St. Louis, Missouri, will be held November 11, 12, 13, 1977, at the Marriott 
Motor Hotel, St. Louis, Missouri. 


For more information write to: Geriatric Symposium Department of Anesthe- 
siology, Washington University School of Medicine, 660 South Euclid Avenue, St. 
Louis, Missouri 63110. 

* * * 


The Robert D. Dripps Memorial Conference sponsored by the Robert D. Dripps 
Library and the Department of Anesthesia, University of Pennsylvania, will be 
held May 9, 10 and 11, 1977, at The Hilton of Philadelphia on the University of 
Pennsylvania Campus. The donation associated with attendance at the Robert D. 
Dripps Memorial Conference will be used in the development of the Robert D. 
Dripps Library at the University o? Pennsylvania. 


* * * 


A Symposium on Anesthesiology and Critical Care Medicine, sponsored by: De- 
partments of Anesthesiology, Montefiore Hospital and Medical Center, Albert 
Einstein College of Medicine and endorsed by: The New York State Society of 
Anesthesiologists will be held June 6-11, 1977. For further information write to 
Dr. Deryck Duncalf, Montefiore Hospital and Medical Center, 111 East 210 Street, 
Bronx, New York 10467. 


(20) ANESTHESIA and. ANALGESIA . . . Current Researches 


Dr. Peter P. Bosomworth, vice president for the University of Kentucky Albert 
B. Chandler Medical Center, has been awarded the medal of honor by the National 
Cheng-Kung University of Taiwan. 


Presented by Dr. Chao Nee, university president, the award was given to Dr. 
Bosomworth for his contributions to the promotion of international cooperation 
in the fields of culture and education and to the development of the National 
Cheng-Kung University. He is one of the few Americans to be so honored. 


In April 1974, Dr. Bosomworth served as consultant in the Republic of China to 
the National Cheng-Kung University. As a result of his work in the development 
of cooperative exchange programs between the Taiwan university and the Univer- 
sity of Kentucky, several programs have been initiated in the fields of engineering 
and the sciences. Other programs in business management and the liberal arts 
are planned. 

* * * 


The Society of Air Force Clinical Surgeons is sponsoring a surgical postgradu- 
ate seminar at the San Antonio Convention Center, April 17-20, 1977. This semi- 
nar will include general sessions on topics of interest to all specialties, coupled 
with specialty sessions in each of the surgical subspecialties which will be con- 
ducted by outstanding authorities of national prominence. The Poua 
seminar has been approved for Category I credit. 


For further information write to: Thomas P. Ball, Jr., Colonel, USAF, MC, 
Program Chairman and Chief, Urology Service Wilford Hall USAF Medical Cen- 
ter, Lackland Air Force Base, Texas. 


* (X * 


The Thirtieth Annual Stoneburner Lecture Series—Safety in Anesthesia—will 
be presented by the Department of Continuing Education, School of Medicine, 
Medical College of Virginia, Virginia Commonwealth University, and the Virginia 
Society of Anesthesiologists, April 15-16, 1977. 


This two-day symposium will be held in Baruch Auditorium at the Medical 
College of Virginia, Richmond, Virginia. 


* * * 


The West Virginia State Society of Anesthesiologists will hold their annual 
meeting on Saturday, June 18, 1977, at the Lakeview Inn and Country Club in > 
Morgantown, West Virginia. Guest speakers will include Jerome H. Modell, M.D., 
Joachim Gravenstein, M.D., C. Paul Boyan, M.D., and Robert G. Merin, M.D. 


* * * 


Post-Doctoral Fellowships in Craniofacial Pain Mechanisms and Control. The 
University of North Carolina has received a unique post-doctoral training grant 
from the National Institutes of Health for the study of Craniofacial Pain Mecha- 
nisms and Control. 


Available immediately are training opportunities for individuals with D.D.S., 
M.D. or Ph.D. degrees interested in academic careers related to craniofacial pain 
mechanisms and control. A two or three year training program sponsored by the 
National Institute of Dental Research provides core courses in neurobiology, se- 
lected clinical service rotations, pain research skill training, participation in 
multidisciplinary pain clinic, opportunities for teaching, and in-depth research. 
Stipends begin at $10,800. For more information write Dr. John M. Gregg, Dental 
Research Center, The University of North Carolina, Chapel Hill, North Carolina 
27514. An Equal Opportunity/Affirmative Action Employer. 
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The Department of Anesthesiology, University of Arkansas for Medical Sci- 
ences, will sponsor a course “Continuing Education in Obstetric Anesthesia," May 
20 and 21, 1977. Participants will be Drs. Albert Maduska, Robert Arrington, 
Gertie F. Marx, Michael Finster, Bradley Smith and Richard Clark. 


For information write: Office of Continuing Education, U.A.M.S., 4301 West 
Markham, Little Rock, Arkansas 72201. 


* * * 


V Asian & Australasian Congress of Anaesthesiology, New Delhi (India)— 
September 23-27, 1978. 


The Congress will be hosted by the Indian Society of Anaesthetists in New 
Delhi—110016. Delegates wishing tc attend the congress or requiring more infor- 
mation may write to Prof. G. R. Gode, F.F.A.R.C.S., Secretary-General, V A.A.C.A., 
Department of Anesthesiology, All-India Institute of Medical Sciences, New Delhi 
—110016. | 


* w * 


The 25th Congress of the Japan Society of Anesthesiologists will be held in 
Hirosaki, Japan, May 1978. 


Further details may be obtained from Dr. Tsutomu Oyama, President of the 
Society, Department of Anesthesiology, Hirosaki University School of Medicine, 
Hirosaki Aoomori-Ken, Japan. : | 


* * * 


Dr. Robert R. Kirby has been appointed Professor and Chairman of the Depart- 
ment of Anesthesiology at the Tulane Medical Center. 


The new department was created to meet the needs of Tulane's hospital and 
clinic. Dr. Kirby most recently was affiliated with the University of Miami School 
of Medicine where he served as Associate Professor of Anesthesiology and Surgery 
and was Medical Director of Respiratory Therapy. 
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AF ITS BEST. 





Premedication to surgery. Immediately before 
anesthesia. Or as a supplement to anesthesia during surgery. 


When used in these indications, Talwin works at 
its best. For the patient and for you. 

Because Talwin provides potent analgesia com- 
parable to opiates yet has a low incidence of extreme adverse 
effects such as respiratory depression and hypotension 
as well as urinary retention and constipation? 


And, most important, reports of acute CNS 
effects, such as psychotomimetic reactions are rare when 
Talwin has been used in usual doses for preanesthetic 
medication, as a supplement to local and general anesthesia 
and in Poem 


"With d ami the commor "m Ph: reactions are nausea, dizziness, among others. Altheugh rare, acute 
central nerv Vs system ianifestatio > been reporte: 
References: . Morrison, eis Loan , WB Dundee, JA W. ¢ j/.: Stuc "ds Meus Biv ky fO A kc rede XVIII 
the synthe tipiziss , Br. J. Anaestt 987 , Nove 1969 2 Ni W. à d Tel B M.: edative 
properties o f pentazo cine (fora 1), Br d Anaesth 40 341 Nay 1968. 3 ‘Tammi listo, T ‘Landen: suu, M. and 
ock, G Pe intazocine as a supplement i in an aesthesie, Chir. Gyr 319, bie. Gerula, 
G.R. and Keeri Sea nto Anisas sthetic Veo e curves. Vii expe J with pen tazi ne, Can. Awaesth. S “a 
18 ori s ry 197 l. 5. Kay, B. Kean y LPD., and aor G J. Ha urole Span alg gesia do uble ^9lir nd con peri 
and phenoperi ne > fo rr Yeu radiolc ogical inve 'Stigations, Br J ; ) 1970 6. Aldret 
iA, Clapp, H. W, Fishman, Je “Pe entaz pam": a supplemer Mary age nt es th. Ar T3 50 498, -— 
August 1971. 7. Bond, A C. and 3 Tho m . M.A.: Droperidol/fentanyl, diazepam/pentazocine: a comparison, 
Anaesthesia 31: 686, 1976. 


See important product information concerning warnings, adverse reactions, patient 
selection, and prescribing and precautionary recommendations on tollowing page. 
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Talwin* Lactate . LENT 
Brand of pentaz cine lactate injection, NF 


Analgesic for Parenteral Use 


Ampuls: 30 mg. (1 ml.), 45 mg. | 
{142 mi), and 60 mg. (2 mi) i 





Vials: (10 mi.) 30 mg./ml. 






30 mg. for 1.V., LM., or S.C. use 
45 mg. tor (M. or S.C. use 
60 mg. for L.M. or S.C. use 







Indications: For the relief of moderate to severe pain. 
Talwin may also be used forpreoperative or preanesthet- 
ic medication and as a supplement to surgical anes- 
thesia. 
Contraindication: Taiwin should not be administered to 
patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care should be 
exercised in prescribing pentazocine for emotionally 
unstable patients and for those with a history of drug 
misuse. Such patients should be closely supervised 
when long-term therapy is contemplated. There have 
been instances of psychological and physical depen- 
dence on falwin in patients with such a history and, 
farely in patients without such a history Abrupt discon- 
tinuance following the extended use of parenteral Talwin 
hàs resulted in symptoms such as abdominal cramps, 
elevated temperature, rhinorrhea, restlessness. anxiety 
and iacrimation, Even when these occurred, discon- 
tinuance has been accomplished with minimai difficulty 
In the rare patient in whom more than minor difficulty 
has been encountered, reinstitution of parenteral Talwin 
with gradual withdrawal has ameliorated the patients 
symptoms. Substituling methadone or other narcotics 
for Talwin in the treatment of the Taiwin abstinence 
syndrome should be avoided. 
Japrescribing parenteral Talwin for chronic use, particu- 
larly if the drug is to be sel administered, the physician 
Should take precautions to avoid increases in dose and 
frequency of injection by the patlent and to prevent the 
use.of the drug in anticipation of pain rather than for the 
relief of pain. 
Just as with all medication, the oral form of Tatwin is 
preferable for chronic administration. 
Tissue Damage at injection Sites. Severe sclerosis of the 
skin, subcutaneous tissues. and underlying muscle 
have occurred at the injection sites of patients who have 
. feceived multiple doses of pentazocine lactate. Con- 
Stant rotation of injection sites is, therefore, essential. In 
“addition, animal studies have demonstrated that Talwin 
is tolerated less well subcutaneously than intramuscu- 
larly (See DOSAGE AND ADMINISTRATION.) 
Head Injury and Increased intracranial Pressure. As in 
the case of other potent analgesics, Tatwin's potential for 
elevating cerebrospinal fluid pressure may be attributed 
to CO: retention due to the respiratory depressant ef- 
fects of Talwin. These effects may be markedly exagger- 
ated in the presence of head injury other intracranial 
lesions, or a preexisting increase in intracranial pres- 
Sure, Furthermore, Talwin can produce effects which 
may. obscure the clinical course of patients with head 
injuries. in such patients, Talwin must be used with 
extreme caution and only if its use is deemed essential. 
Usage in Pregnancy Safe use of Talwin during preg- 
nancy (other than labor} has not been established. Art- 
mai reproduction studies have not demonstrated 





. teratogenic or emibryotoxic effects. However, Talwin 


should be administered to pregnant patients (other than 
labor} only when, in the judgment of the physician, the 
potential benefits outweigh the possible hazards. Pa- 
tients receiving Talwin during labor have experienced no 


adverse effects other than those that occur with com- 
monly used analgesics. Talwin should be used with 


caution in women delivering premature infants... 
Acute CNS Manifestations, Patients receiving therapeu- 
tic doses of Talwin have experienced, in rare instances, 
hallucinations (usually visuall, disorientation, and con- 
fusion which have cleared spontaneously within a 
period of hours, The mechanism of this reaction is not 
known, Such patients should be very closely observed 
and vitai signs checked. # the drug is reinstituted it 
shouid be done with caution since the acute CNS man- 
ifestations may recur 

Usage in Children. Because clinical experience in chil- 
dren under twelve years of age is mited, the use of 
Talwin in this age group is not recommended. 
Ambulatory Patients. Since sedation, dizziness, and oc- 
casional euphoria have been noted, ambulatory patients 
should be warned not to operate machinery drive cars, 
ot unnecessary expose themselves to hazards. 


Precautions: Certaín Respiratory Conditions. The pos- 
sibility that Talwin may cause respiratory depression 
should be considered in treatment of patients with 
bronchial asthma, Talwin should be administered only 
with caution and in low dosage to patients with respira- 
tory depression (e.g., from other medication, uremia, or 
severe infection), severely limited respiratory reserve, 
obstructive respiratory conditions, or cyanosis. 
impaired Renal or Hepatic Function, Although labora- 
tory tests have not indicated that Talwin causes or in- 
creases renal or hepatic impairment, the drug should be 
administered with caution to patients with such impair- 
ment, Extensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehension, anxi- 
ety, dizziness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism of the 
drug by the liver. 

Myocardial Infarction, As with all drugs, Talwin should 
be used with caution in patients with myocardial infarc- 
tion who have nausea or vomiting. 

Biliary Surgery. As with ail strong analgesics, Talwin 
should be used with caution in patients about to ur- 
dergo surgery of the biliary tract since it may Cause 
spasm of the sphincter of Oddi. 

Patients Receiving Narcotics. Talwin is a mild narcotic 
antagonist, Some patients previously given narcotics, 
including methadone for the daily treatment of narcotic 
deperidence, have experienced withdrawal symptoms 
after receiving Talwin. 

CNS Effect. Caution should be used when Talwin is 
administered to patients prone to seizures, seizures 
have occurred in a few such patients in association with 
the use of Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly occurring 
reactions are: nausea, dizziness or lightheadedness, 
vomiting, euphoria, 

Dermatologic Reactions: Soft tissue induration, 
nodules, and cutaneous depression can occur at injec- 
tion sites. Ulceration (sloughing) and severe sclerosis of 
the skin and subcutaneous tissues (and, rarely, underly- 
ing muscle? have been reported after multiple doses. 
infrequently occurring reactions are-—respiratory: res- 
piratory depression, dyspnea, transient apnea in a smali 
number of newborn infants whose mothers received 
Talwin during labor; cardiovascular: circulatory depres- 
sion, shock, hypertension; CNS effects: sedation, altera- 
tion of mood (nervousness. apprehension, depression, 
floating feeling), dreams; gastrointestinal: constipation, 
Gry mouth; dermatologic including focal. diaphoresis, 
sting on injection, flushed skin including plethora, ger- 








matitis including pruritus; other: urinary retention, 
headache, paresthesia, alterations in rate or strength of 
uterine contractions during labor. 

Rarely reported reactions include-neuramuscular and 
psychiatric: muscle tremor, insomnia, disorientation, 
hallucinations: gastrointestinal, taste alteration, diarrhea 
and cramps; ophthalmic: blurred vision, nystagmu&. - 
diplopia, miosis; hematologie: depression of white bocd. 
cells (especially granulocytes), which is usually reversi- 
ble, moderate transient eosinophilia; other; tachycardia, 
weakness or faintness, chills, allergic reactions inciud- 
ing edema of the face, toxic epiderma! necrolysis. 

See Acute CNS Manifestations and Drug Dependence 
under WARNINGS, 

Dosage and Administration: Adults, Excluding Patients 
in Labor, Therecommended single parenteral dose is 30 
mg. by intramuscular, subcutaneous, or intravenous 
route. This may be repeated every 3 to 4 hours. Doses in 
excess of 30 mg. intravenously or 60 mg. intramuscu- 
lady or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. 

The subcutaneous route of administration should be 
used only when necessary because of possible severe 
tissue damage at injection sites (see WARNINGS). When 
frequent injections are needed, the drug should be ad- 
ministered intramuscularly. in addition, constant rota- 
tion of injection sites fe. g.. the upper outer quadrants of 
the buttocks, mid-laterat aspects of the thighs, and the 
deitoid areas) is essential. 

Patients in Labor. & single, intramuscular 30 mg. dose 
has been most commonly administered. An intravenous 
20 mg. dose has given adequate pain relief to some 
patients in labor when contractions become regular, and 
this dose may be given two or three times at two- to 
three-hour intervals, as needed. | 
Children Under 12 Years of Age. Since clinical expertis: 
ence in children under twelve years of age is limited, the. 
use of Talwin in this age group is not recommended, 
CAUTION, Talwin should not be mixed in the same 
syringe with solubte barbiturates because precipitation 
will occur. 

Overdosage: Manifestations. Clinical experience wit 
Taiwin overdosage has been insufficient to define the 
signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopressors, 
and other supportive measures should be employed as 
indicated. Assisted or controlled ventilation should also 
be considered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory depression due 
to overdosage or unusual sensitivity to Talwin, parenteral 
naloxone (Narcan?, available through Endo 
Laboratones) is a specific and effective antagonist. 
Talwin is not subject to narcotic controls. 

How Supplied: Unc-Amp* individual unit dose ampuis 
ofl mi (30 mg), s mb (45 me.) and 2 mi, (60 mg.) in 
boxes of 25. 

Ampul of 1 mL (30 mg.) lya mi, (45 mg.), and 2 mi. 
(60 mg.) in (nested) boxes of 25. 

Each 1 ml. contains pentazocine lactate equivalentto 30 
mg. base and 2.8 mg. sodium chloride, in water for 
injection, 

Multiple dose viais of 10 mi, each 1 mi. containing _ 
pentazocine lactate equivalent to 30 mg. base, 2 m 
acetone sodium bisulfite, 1.5 mg. sodium chloride, 
img, methylparaben as preservative, in water for inje 
tion. Boxes of 1. 
The pH of Talwin solutions is adiusted between 4 and 5 
with lactic acid and sodium hydroxide, The air in the 
ampuis and vials has been displaced by nitrogen gas. 
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What are you doing 
irway management? 


ure solving problems 
...When you use the 
Lanz Controlled 
Pressure Cuff 

be. 








nique cuff system 
automatically compensates for increased 
volume/pressure caused by diffusion of N;O or Oz into cuff. 











Patient Safety and Comfort 

The Lanz Endotracheal Tube permits | 
quick and easy intubation. The tube will flex, 
but not kink. It is available with either Murphy. 
or Magill tips. 


Long-term airway management is a prob-. 
lem. There's always the hazard of tracheal 
scarring and stenosis...accidental over-infla- 
tion. And so on. 

Now with the Lanz Controlled-Pressure 

Cuff Endotracheal Tube, you can help solve 
your long-term intubation problems. 


Dangers of Tracheal Damage Minimized. 
The Lanz Endotracheal Tube is unique. 

it is a controlled-pressure cuff system con- 

taining an automatic, pressure regulating 






















and ready to use. 
Help solve your long-term airway prob-. 
lems now with the Lanz Disposable Con- 











New Splash Shield... Eliminates 
Procedural Component Contamination 


1 for the optimum in efficiency, quarantee 
onent contamination. And no trouble view- maximum asepsis and better patient safe 
"ing components...the splash shield is crystal in the CURITY Spinal Anesthesia Tr 
- clear protective plastic. 
— .. Nine separate trays fulfill virtually every 7 1 
Wd physician need. A choice of two spinal needle Xylocaine is Astra Pharmaceutical's Trademark for Lido aine 
-> gauges with stylets, both sharpened together E 
-fora smooth fit, is provided. A unique patented 
_ fenestrated drape, made of high quality draping 
material, has two large adhesive tabs to guar- 
antee a secure hold. 1% Xylocaine,™ the local 
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5 ünuy 
the anxiety that may complicate premedicat:on, 
induction and recovery room emergence. injectable analgesics, requirements of narcotic 

It has no clinically significant depressant and nonnarcotic analgesics, such as meperidine, 
effects on respiratory or circulatory function morphine sulfate and pentazocine, should 
and often reduces postoperative emesis. be reduced. 

Vital signs are seldom impaired. Involuntary — Vistaril LM. is physically compatible with 
motor activity, including rare instances of most commonly used analgesics, and can be 
tremor and convulsions, has been reported, mixed with them in the same syringe. 

Alone, or as an adjunct for use with injectable 
analgesics, the maximum recommended dosage 


of Vistaril I.M. is 100 mg. Because of Vistaril 


REE ME 
I.M.’s potentiating effect on narcotics, when 
fT M. it is used concomitantly with 


° these agents, their dosages may be 
(hydroxyzine HC V reduced as much as 50 per cent. LABORATORIES 


160 mg./2 mh. 50 mg,/ ml. and 25 mg./ ml. Vials and Iso} DIVIS 
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100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 


Vials and Isojects® 





Calm 
Before Anesthesia... In Recovery 





Brief Summary | 
. VISTARIL? (hydroxyzine hydrochloride) Intramuscular Solution 

For intramuscular Use Only 
Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central nervous 
system depressants such as narcotics and barbiturates. in conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed: soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. in children, preferably the mid-lateral muscle of the thigh. 





in infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in orde 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults an 
oider children, and only with caution to avoid radial nerve injury. 
injections should not be mace in the lower and middie thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitory 
and may disappear in a few days of continued therapy or upon dosage 





reduction. Dryness of the mouth may occur with higher doses. Involun- 


tary motor activity, including rare instances of tremor and convulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HOI intramuscular Solution: 25 mg./mi.— 
10 mi. vial; 50 mg./ ml.—2 ml. and 10 mi. vial; lsoject®, 25 mg./ ml. and 
50 mg./ml., 1 mi. fill; 100 mg./2 mi., 2 mi. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./mi., 10 mi. vial) 
VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 ml. vial) 


More detailed professional information available on request. 





LABORATORIES DIVISION 


PFIZER INC. 








Contraindications: Systemic fungal infections (See Warnings re ampho- 
tericin B); hypersensitivity to any component. 
Warnings: Corticosteroids may exacerbate systemic fungal infections and 
Should not be used in presence of such infections unless needed to control 
reactions to amphotericin B; there have been cases reported in which 
concomitant use of amphotericin B and hydrocortisone was followed by 
cardiac enlargement and congestive failure. In patients subjected to unusual 
stress, increase dosage of rapidly acting corticosteroids before, during, and 
after the stressful situation. Corticosteroids may mask some signs of 
infection; new infections, decreased resistance, and inability to localize 
infection may occur. Moreover, corticosteroids may affect the nitroblue- 
tetrazolium test for bacterial infection and produce false negative results. 
Prolonged use of corticosteroids may produce posterior subcapsular cataracts 
and glaucoma with possible damage to optic nerves and may enhance the 
establishment of secondary, fungal or viral ocular infections. 
Usage in pregnancy: in pregnancy or women of childbearing potential, weigh 
anticipated benefits against possible hazards to mother and embryc or fetus. 
infants of mothers on substantial doses of corticosteroids during pregnancy 
should be carefully observed for signs of hypoadrenalism. Corticosteroids 
appear in breast milk and could suppress growth, interfere with endogenous 
corticosteroid production, or cause other unwanted effects. mothers taking 
pharmacologic. doses: of corticosteroids should be advised not to nurse. 
Elevation of blood pressure, salt and water retention, and increased excretion of 
potassium may occur with large doses of synthetic corticosteroids: dietary 
.. Salt restriction and potassium supplementation may be necessary. All 
corticosteroids increase calcium excretion. Patients on corticosteroids should 
. hot bevaccinated against smallpox and other immunization procedures should 
-not be undertaken; this warning does not apply to those receiving cortico- 
Steroids as replacement therapy, e.g., for Addison's disease. 
in active tuberculosis, use should be restricted to fulminating or disseminated 
- tuberculosis and should be in conjunction with appropriate antituberculous 
. fegimen; in latent tuberculosis or tuberculin reactivity, close observation is 
necessary as reactivation of the disease may occur, and patients should receive 
chemoprophylaxis during prolonged corticosteroid therapy. 
Because rare instances of anaphylactoid reactions have occurred in patients 
receiving parenteral corticosteroid therapy, appropriate precautionary 
. measures should be taken prior to parenteral administration, especially in 
^. patients with history of drug allergy. 
¿o Precautions: This steroid is sensitive to heat and should not be autoclaved. 
— Drug-induced secondary adrenocortical insufficiency, which may be minimized 
. by gradual reduction of dosage, may persist for months after discontinuation of 
^ therapy. In any situation of stress occurring during that period, hormone 
X therapy should be reinstituted. If patient already is receiving steroids, dosage 
may have to be increased. Since mineralocorticoid secretion may be impaired, 
salt and/or mineralocorticoid should be administered concurrently. 
in hypothyroidism and in cirrhosis, there is an enhanced effect of corti- 
costeroids. Use cautiously in patients with ocular herpes simplex for fear of 
corneal perforation. .. 
The lowest possible dose should be used, and when reduction in dosage is 
possible, it must be gradual. Psychic derangements may appear, ranging from 
euphoria, insomnia, mood swings, personality changes, and severe depression 
- to frank psychotic manifestations, and existing emotional instability or 
“psychotic tendencies may be aggravated. Psychological and/or physiological 
: dependency may develop with long-term use; withdrawal symptoms include 
anorexia, vague pains, weakness, and lethargy. In hypoprothrombinemia, use 
aspirin cautiously in conjunction with corticosteroids. 
Use with caution in nonspecific ulcerative colitis, if there is a probability of 
‘impending perforation, abscess, or other pyogenic infection: also in 
diverticulitis, fresh intestinal anastomoses, active or latent peptic ulcer, renal 
> insufficiency, hypertension, osteoporosis, and myasthenia gravis. Fat 













c -embolism has been reported as a possible complication of hypercortisonism. 


When large corticosteroid doses are given, some authorities advise that 
antacids be administered between meals to help to prevent peptic ulcer. 

Growth and development of infants and children on prolonged therapy should 
be carefully followed. Motility and number of spermatozoa may be increased or 
decreased. Phenytoin, phenobarbital, and ephedrine may enhance the metabolic 
Clearance of corticosteroids, resulting in decreased blood levels and lessened 
physiologic activity, thus requiring adjustment in corticosteroid dosage; this 
interaction may interfere with the dexamethasone suppression test which 
should be interpreted with caution during administration of these drugs. Pro- 
thrombin time should be checked frequently in patients receiving concomitant 


For more detailed information, consult your MSO 





coumarin anticoagulants because of reports that corticosteroids have altered 
the response to these anticoagulants: studies have shown the usual effect to 
be inhibition of response to coumarins, although there have been some reports 
of potentiation. When corticosteroids are administered concomitantly with 
potassium-depleting diuretics, patients should be observed clasely for 
development of hypokalemia. 

intra-articular injection may produce systemic as well as local effects. 
Appropriate examination of any joint fluid present is necessary to exclude a 
septic process. Marked increase in pain accompanied by local swelling, further 
restriction of joint motion, fever, and malaise is suggestive of septic arthritis: if 
this complication occurs and diagnosis of sepsis is confirmed, appropriate 
antimicrobial therapy should be instituted. Injection of a steroid into an infected 
site is to be avoided. Corticosteroids should not he injected into unstable joints. 
Patients should be impressed strongly with the importance of not overusing 
joints in which symptomatic benefit has been obtained as long as the 
inflammatory process remains active. Frequent intra-articular injection may 
result in damage to joint tissues. In intercostal neuritis and neuralgia, guard 
against entering the pleura; sudden sharp pain during injection may mean the 
pleura has been penetrated. The slower rate of absorption by intramuscular 
(compared to intravenous) administration should be recognized. $ 
Adverse Reactions: Fluid and electrolyte disturbances — Sodium retention: 
fluid retention; congestive heart failure in susceptible patients; potassium 
loss; hypokalemic alkalosis: hypertension. Musculoskeleta/— Muscle 
weakness; steroid myopathy; loss of muscle mass; osteoporosis; vertebral 
Compression fractures; aseptic necrosis of femoral and humeral heads. 
pathologic fracture of long bones. Gastrointestinal— Peptic ulcer with 
possible subsequent perforation and hemorrhage; pancreatitis: abdominal 
distention; ulcerative esophagitis. Dermatologie — Impaired wound healing: 
thin fragile skin; petechiae and ecchymoses; erythema; increased sweating; 
may suppress reactions to skin tests; burning or tingling, especially in the 
perineal area (after IV injection); other cutaneous reactions, such as allergic 
dermatitis, urticaria, angioneurotic edema. Meurologic— Convulsions: 
increased intracranial pressure with papilledema (pseudotumor cerebri) 
usually after treatment; vertigo; headache. Endecrine— Menstrual 
irregularities; development of cushingoid state; suppression of growth in 
children; secondary adrenocortical and pituitary unresponsiveness, 
particularly in times of stress, as in trauma, surgery, or illness; decreased 
carbohydrate tolerance; manifestations of latent diabetes mellitus; increased 
requirements for insulin or oral hypoglycemic agents in diabetics. 
Ophthalmic — Posterior subcapsular cataracts: increased intraocular 
pressure; glaucoma; exophthalmos. Metabo/ic— Negative nitrogen balance 
due to protein catabolism. Üther— Anaphylactoid or hypersensitivity 
reactions; thromboembolism; weight gain; increased appetite; nausea; 4 
malaise; psychological and/or physiological dependency. Additional adverse 
reactions. related to parenteral corticosteroid therapy: Rare instances of 
Dlindness associated with intralesional therapy around the face and head; 
hyperpigmentation or hypopigmentation; subcutaneous and cutaneous 
atrophy; sterile abscess; postinjection flare (following intra-articular use): 
Charcot-like arthropathy. 

Note: Injection, 4 mg/ml — For intravenous, intramuscular, intra-articular, 
intralesional, and soft-tissue injection. Injection, 24 mg/ml — For 
intravenous injection only. DOSAGE REQUIREMENTS ARE VARIABLE AND 
MUST BE INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENT. 

How Supplied: Injection in two concentrations: Injection, 4 mg/ml, in 1-mi 
disposable syringes and 1-ml, 5-ml, and 25-mi vials, containing per ml: dexa- 
methasone sodium phosphate equivalent to 4 mg dexamethasone phosphate 
or 3.33 mg dexamethasone; Inactive ingredients per ml: 8 mg creatinine, 
10 mg sodium citrate, sodium hydroxide to adjust pH, water for injection q.s.. 
with 1 mg sodium bisulfite, 1.5 mg methylparaben, and 0.2 mg propylparaben 
added as preservatives: Injection, 24 mg/ml, in 5-ml and 10-ml vials. 
containing per ml: dexamethasone sodium phosphate equivalent to 24 mg 
dexamethasone phosphate or 20 mg dexamethasone; Inactive ingredients per 
ml: 8 mg creatinine, 10 mg sodium citrate, 0.5 mg disodium edetate, sodium 
hydroxide to adjust pH, water for injection q.s., with 1 mg sodium bisulfi t 
1.5 mg methylparaben, and 0.2 mg propylparaben added as preservatives. —— 
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No high volume/ 
pressure cuff is 
superior to that wach 
you now get with the 
-LO tracheal tu 
from National CatHeter. 


National Catheter has pioneered the way in cuff 
design and tracheal tube development. Now National 
Catheter has done it again. We've taken the x-ray tip 
and extended it for the full length of the tracheal tube 
so that it’s easily visible under x-ray from the distal 
tip to the proximal end...an important advantage, 
particularly when x-ray is needed for location of 

the tip and tube and is also of significant 

advantage to the pediatric tracheal tube user. 

Add to this the feature that the pilot 

balloon of the sealing valve hasbeen made 

blue and you contributio over-all 

impro visibility. 

The x-ray line feature and the blue 

pilot balloon have also been 

incorporated into O-PRO" 

tracheal tube from Nat Catheter. 

In fact, the full ggray line... 

extending from tip to tig™pffers such 

advantages that it has been added 

to all tracheal and tracheostomy 

tubes from National Catheter. 

But then, you have rightly come to 

expect advantage and innovation 

from National Catheter Corporation. 
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IMV| Ventilator 


Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 


Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a “mandatory” breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does not 
have to "take over". The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 





At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventually mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particularly for infants, since their rates are rapid. a 
and their inspiratory impulses are slight. If synchronization is less than perfect, the patient inhales (at. |. 
least part of the time) with no fresh gas available. Under such circumstances, blood levels of CO: — ; 
rise, as noted by Kirby and associates.’ 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing | | |. 
spontaneously, drugs have to be used or the patient has to behyperventilated. Either procedure has - ]- 
drawbacks. Paralytic or sedative agents may obscure signs ofineurological or metabloic disorders. | I. 
Lowered muscle tone may impair venous return, and hence cardiac output. The effects of such drugs _ 
are particularly hard to predict in infants. 











Hyperventilation (often used to suppress spontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels of calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hypocarbia.? Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 


All of these pit-falls can be avoided by using continuous-flow IMV. 








Please request Form 3-MV. 


Jj. H. EMERSON COMPANY 
iii = | CAMBRIDGE, MANSACHOSES TS 02140 
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And provide direct 
| od pressure surveillance 
in 





M operating room or recovery room. in 
fact, use it anywhere blood pressure 
monitoring is required and you'll find it 
-provides quick, accurate, continuous 
-blood pressure readings when you 
-need them. 





-A Complete or Interface System: 

. It's Up To You. 

S a complete system, the sterile, single-use 
sssurveil system provides complete blood 
sure monitoring. It is small and 
ontained, allowing it to be affixed to the 
tient sarm or IV. stand. Pressure readout 
-is obtained in a matter of seconds with no 
“warmup time or transducer calibration 

: required. 











-As an interface system (without gauge), the 
-system's sterile, disposable Pressure Transfer 
- Unit may be used to 

- isolate the patient 
from an electronic 

:  transd ucer. Use of the 
| Pressure Transfer 










elps prevent 
ally hazardous 
s from faulty 

tronic equipment. 
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A complete or interface system . . . it depends - 


on your needs. 


For Patient Safety. 


The Pressurveil system is a completely 
closed system which minimizes the ji 
possibility of pathogenic contamination. All 
system components exposed to direct E 
contac: are sterile and disposable, reducing _ 
the risk of cross contamination. And since. 
the system needs no electric power, there’ S pes 
no chance of electric shock. ; 


A Universal System. 


The Prassurveil system is truly a universal — 
pressure monitoring system. Use it complete 
or as an interface system. Use it to measure 
mean arterial, central venous, pulmonary 
mean or pulmonary wedge pressures. Use it 
to moritor patients anywhere, even while 
transporting them. And use it to sega 
patien: safety. 


When used correctly, it'll always provide - 
quick, accurate, continuous blood pressure - 
readings economically. 


For complete information on the Concept 
Pressurveil system, write or call: Concept, Inc., 
12707 U.S. Highway 
19 South, Clearwater, . 
Florida 33516 | 
(813) 536-2791. 
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Eu Better Health Care. 
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Succinylcholine should be administered with: 
great caution to patients with severe bums. 
those recovering from severe trauma, those 
suffering from electrolyte imbalance. those 
receiving quinidine, those who have. been digi- 
jolized recently or who may have digitalis tox- 
icily as serious cardiac amhythmias or cardiac 
arest may resul. Great caution should be 
observed also in patients with pre-existing 
hyperkalemia or wro are paraplegic. have 
suffered spinal neuraxis injury, or have degen- 
erative or dystrophic neuromuscular disease, 
as. such patients tend fo become severely 
hyperkaiemic when succinylcholine i$ given. 

When succinylcholine is given over. a. pio 
longed period otf lime. the choracteristic. ~ 
depolarization block of the myoneura! junction 
may change to a non-depolanzing biock 
which results in prolonged respiratory denres- 
sion or apnea. Under such circumstances, small 
repeated doses of neostigmine may possibly. 
aci as an antagonist. A peripheral nerve Stirn 
lator (e.g. lhe Wellcome Peripheral Nerve $ 
lator] may be used to ascertain The type of. 
neuromuscular blockade. Ifa depoiarizati 

Diock is present both fast (tetanic) and sow 
ftwitch) rates of nerve stimulation are well su 
tained. and post tetanic faciüitation is abser 
if a non-depolarzing biock is present there i 
post-tetanic facilitation and ` fade" of Succ: 
sive stimuli on both: fast tetanic} and Siow | Et 
{twitch} rotes of nerve stimulation Pale 

Succinylcholine should be used with caution 
during ocular surgery ondin patients with 
giaucoma The drug should be employed with 
caution in patients with fractures or muscle 
spasm os fhe muscie fasciculations may cause . 





























hyperkalemia may be reduced by adminis 
tering a small dose of a non- “depo! anzing.relc 


same procedure, the possibility of a syner 
or antagonistic effect should be con 

During the past few years. report 
attention to a fulminant syndrome 


etiology i is not fully undeisiedd M 
hernia oc Curs in. gene 
o T. 


triggered p ucc IBI Cre: Boc ee. of the 
setiousness of this syndrome and the need for 
early effective treatment of the patient. it is sug: 
gested that the continuous monitoring ofthe. 
temperature will serve as an did fo the early l 
recognition of malignant hyperthermia. — l 


ADVERSE REACTIONS: Adverse. reactions. con- 
sist prirmaniy of an extension af the drug” $ phar: 
macological actions Profound and prolonged 
dine n baal OCCUT. res Ride fi 










apnea, Typorharma, increase 
pressure. muscie fasciculdtion, i 


muscle pain, myogiobinemia and i excessive: 
salvation m : 


MANAGEMENT OF ADVERSE REACTIONS: TE 
Apnea ot pro ionged muscle paralysis shoud osue 
be treated with controlled respiration. ` 

The use of neosfigmirnie to reverse a non- = 
depolarization Hock is a medical decision: 
which must be made upon the basis of the 
individual clinical pharmacology. and the ex: 
perience and judgment of tne clinician. When 
neostigmine is used atropine shouid also be 











administered 


- — SUPPLIED: Injection, Multi-dose vials. 20mg cc. 
< 30cc. Boies of 12 vials. Flo-Pack® Sterile — ,.- 
"Powder 500. mg and 1000 mg. boxes of 12. . 


Complete’ literature ovailable on request 


fror Professional Services Dept PML. 


I / Burroughs Wellcome Co. 
. Research Triangle Park 
‘Wallcome / North Carolina 27709 
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A Valedictory Word of Appreciation 


< On the eve of my retirement after 23 years as Editor of Anesthesia and 
Analgesia ... Current Researches, and 28 years as a member of the Board of 
Trustees of ins International Anesthesia Research Society, I wish to express my _ 
appreciation to the many people who have helped me so greatly to make my 
stewardship a rewarding one. 


When, in 1953, I succeeded Dr. Howard Dittrich as Editor of the Journal, 
I was fortunate in having a sound foundation on which to build. The Journal. 
was the brainchild of Dr. Francis Hoeffer McMechan, who, in 1914 was editing. oe 
. 8 quarterly supplement "Anesthesia and Analgesia” in the American Journal of — 
E “ Surgery. In 1922, the National Anesthesia Research Society, of | which Dr. a = 
N Mechan was Executive Secretary, launched its official organ, Current 2 
| ‘Researches. in Anesthesia and Analgesia, with Dr. McMechan as Editor, a post 
_ he held until his death in 1939. Mrs. Laurette McMechan, a lady who was loved _ 
and respected by all with whom she was associated, carried forward her late E 
husband's interest in the Society and the Journal until her retirement in 1957. 





In 1925, the name of the National Anesthesia Research Society was changed | 
to the International Anesthesia Research Society, and the Journal assumed its 
present name in 1957. 


During the quarter century that I have had the privilege of giving editorial 
guidance to Anesthesia and Analgesia . . . Current Researches, the constructive a 
support of the Board of Trustees of the Intemational Anesthesia Research Society : 
and of the Editorial Board of the Journal has been unfailing and unstinted. The. f s 

P recent addition of a group of Contributing Editors has provided an additional ie 
~ reservoir of knowledge and professional expertise in our Specialty, and has proved 
: of incalculable value to our readers. 


A special vo of appreciation is due Mrs. Agnes M. Osborn, my Rochester 
office assistant, whose sincere loyalty and professional concern for perfect editorial 
detail has. made our Journal outstanding, and to Leslie L. Lewis, for 17 years 
our professional manuscript editor for whom I have great respect. Their dedication 
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and expertise have contributed greatly to our constan: objective of editorial excel- 
lence as a buttress to the scientific competence of art cles published. Perhaps, we 
may have seemed somewhat ruthless in our revision of manuscripts of good clinical 
content, but I am glad to report that such efforts, generally, have been accepted 
gracefully and with understanding both by the younger authors as well as the 
more experienced authors. 


To Miss Dorothy Merich in our Cleveland Office, my sincere gratitude for 
the help so generously and unselüshly given me as Program Chairman of the 
International Anesthesia Research Society Congresses— which materially helped 
in their steady improvement and success. As Editor of the Journal, I commend 
her for her cooperation and intense loyalty, and thé esprit de corps between our 
two offices. will always be appreciated. 


Our other Cleveland associates, the staffs of David Buschman and Associates 
and of the Watt Printing Company, deserve our appreciation for their consci- 
entious adherence to our high publishing standards. We believe they have given 
our Journal an enviable reputation in the area of medical publications. 


To the many hundreds of reviewers, consultants, correspondents, and con- 
tributors who have given so generously of their time to share their knowledge and 
experience with our readers, I must extend my most hearty thanks. And finally, 
our typists, proofreaders and index assistants deserve our recognition for their 
particular skills. 


Nor must I overlook expressing a word of apprec.ation to my wife and family 
for giving up so many holiday and weekend hours of normal familial association, 
so that I might carry on the extracurricular activities incumbent upon the Editor 
of such a Journal as ours. 


I shall always cherish with gratitude the opportunity of having participated 
for so many years in the activities of the Society and the Journal. My most 
sincere wish for my successor, Dr. Nicholas M. Greene, is that he may be the 
recipient of as great a measure of friendship and support as has been my good 
fortune, so that, under his editorial guidance, Anesthesia and Analgesia . . . Current 
Researches will continue to provide a forum for the presentation of research and 
clinical information to our thousands of colleagues ir the United States, Canada, 
and abroad. 


age NE 


T. E. Seldon, M.D. 





The Board of Trustees 


of the 


International Anesthesia Research Society 


is pleased to announce the appointment of 


Dr. Nicholas M. Greene 


as Editor-in-Chief 


of 


Anesthesia and Analgesia . . . Current Researches 


effective March, 1977 


Dr. Greene succeeds Dr. T. H. Seldon 


who is retiring 


after 23 years as Editor of the Journal. 


Kenneth K. Keown, M.D. 


Chairman, Board of Trustees 
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Mechanisms of Chronotropic Effects of 
Volatile Inhalation Anesthetics 


GOPAL KRISHNA, MD* 
RAYMOND R. PARADISE, PhD: 


Indianapolis, Indianat 


The chronotropic effects of all currently avail- 
able volatile anesthetics were investigated in 
isolated rat atrial preparations. Anesthetic 
ethers, diethyl ether, methoxyflurane, and en- 
flurane elicited a dose-dependent positive 
chronotropic effect. Fluroxene produced a 
slight depression at low concentrations. The 
halogenated hydrocarbon anesthetics, halo- 
thane, chloroform, and trichloroethylene, did 
not show a uniform pattern. Halothane’s effect 
was small and biphasic. Chloroform caused a 


ib CLINICAL practice, alterations in heart 
rate and rhythm during the administra- 
tion of inhalation anesthetics are common. ! 
Certain inhalation anesthetics facilitate ar- 
rhythmias, whereas others seem to have a 
protective action. In general, the chrono- 
tropic effects of inhalation anesthetics are 
believed to be related to their effects on the 
autonomic nervous system.?? In a previous 
study,* we presented evidence which showed 
that in isolated rat atrial preparations, the 
positive chronotropic effects of diethyl ether 
represent a direct stimulation of atrial pace- 
makers. These effects were found to be in- 
dependent of catecholamine release, stimu- 
lation of beta-adrenergic receptors, or block 
of cholinergic receptors. 


The purpose of the present investigation 
was to determine whether other volatile in- 


*Assistant Professor, Department of Anesthesiology. 


dose-dependent decrease in heart rate, and 
trichloroethylene caused a marked positive 
chronotropic effect. The dose-response curves 
of all anesthetics remained unaltered in the 
presence of either 3 x 10-7 M dl-propranolol or 
1 x 10-6 M atropine. It is concluded that vola- 
tile anesthetics elicit significant direct chrono- 
tropic actions on rat atrial preparations. The 
mechanism of their actions does not involve 
stimulation of beta-adrenergic or cholinergic 
receptors. 


halation anesthetics also elicit a direct effect 
on the pacemaker cells of isolated rat atrial 
preparations. 


We investigated the chronotropic effects 
of all currently available volatile inhalation 
anesthetics (halothane, chloroform, trichlo- 
roethylene, fluroxene, methoxyflurane, and 
enflurane) in the presence and absence of 
the beta-adrenergic receptor blocker, pro- 
pranolol, or muscarinic cholinergic receptor 
blocker, atropine. For comparison, experi- 
ments were also conducted to establish dose- 
response curves of diethyl ether in the pres- 
ence of dl-propranolol and atropine. 


MATERIALS AND METHODS 


Atrial preparations of male Sprague- 
Dawley rats, sacrificed by decapitation, 


Professor, Departments of Pharmacology and Anesthesiology. 


{Indiana University School of Medicine, Indianapolis, Indiana 46202. 
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were suspended in modified Krebs-Ringer 
bicarbonate glucose solution at 30? C and 
pH 7.4. The composition (mM) of the 
medium was: NaCl, 120; KCl, 4.8; CaCl,, 
1.22; MgSO,—7 H,O, 1.33; KH,PO,, 1.2; 
NaHCO,, 25.3; glucose 5.5. The medium 
was continuously aerated with 95 percent 
O, and 5 percent CO,. A constant resting 
tension of 750 mg was maintained. Intrinsic 
frequency of contraction of atria was deter- 
mined by a Statham strain gauge and pen 
recorder. 


A stabilization period of 60 minutes was 
allowed before readings were taken. In each 
experiment, the anesthetic was administered 
by an adjustable vaporizer for 30 minutes 
at a constant setting. At the conclusion of 
30 minutes, a 1-ml sample of the medium 
was taken. Anesthetics were extracted by 
tetrachlorethylene and their concentrations 
measured by a gas chromatograph with a 
thermal conductivity detector. Fresh stand- 
ards were prepared for each experiment. 
The anesthetic concentration was expressed 
in multiples of the human MAC value by 
means of calculations previously published! 
and data from Allott's group.® 


To determine the dose-response curve 
(anesthetic concentration versus percent 
change in frequency of contraction) 3 series 
of experiments were conducted: (a) control 
series; (b) in the presence of 3 x 107 M 
dl-propranolol; (c) in the presence of 1 x 
1075 M atropine. The doses of dl-propranolol 
and atropine were selected on the basis of 
their capability to shift effectively the dose- 
response curve of isoproterenol and acetyl- 


— choline, respectively. Separate series of ex- 


periments were conducted to establish the 
dose of dl-propranolol and atropine. 


RESULTS 


Atrial Rate Response to Acetylcholine in 
the Control Group and in the Presence of 
I x 10-* M Atropine in Isolated Rat Atrial 
Preparations.—In a series of 4 experiments 
after the 1-hour stabilization period, incre- 
mental doses of acetylcholine were added to 
the bath and the atrial rate response noted 
10 minutes after each dose. Dosages in the 
range of 10-5 to 10? M acetylcholine were 
studied. Acetylcholine decreased the fre- 
quency of contraction in a dose-dependent 
manner. 10+ M acetylcholine decreased the 
heart rate to 46+ 12 percent of control 
(fig 1). 


In another series of 4 experiments after 
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EFFECT OF 1 x 107°°M ATROPINE 
ON ATRIAL RATE RESPONSE TO ACETYLCHOLINE 


$9—— —* Acetylcholine alone (4) 


% OF CONTROL ATRIAL RATE 


O———© Acetylcholine after 
1x 10-6M Atropine (4) 





10-8 1077 10-8 1075 10-4 10-3 10-2 
ACETYLCHOLINE (M) 

Fig 1. Effect of 1 X 10° M atropine on atrial 
rate response to acetylcholine. Vertical lines repre- 
sent — 1 SE. Heart rate at the conclusion of the 
l-hour stabilization period is expressed as 100 
percent. Figures in parentheses represent number 
of experiments. 


the stabilization period, 1 x 10-5 M atropine 
was added to the bath and after another 10 
minutes the same procedure, as outlined 
above, was repeated with acetylcholine. This 
effectively shifted the dose-response curve 
of acetylcholine to the right (fig 1). Atro- 
pine itself had a negligible effect on heart 
rate (—1%), indicating that 1 x 105 M 
atropine causes adequate blockade of cho- 
linergic receptors in isolated rat atrial prep- 
arations. 


Atrial Rate Response to Isoproterenol in 
the Control Group and in the Presence of 
3 x 10-7 M dl-Propranolol in Isolated Rat 
Atrial Preparations.—In a series of 4 experi- 
ments, the isoproterenol-heart rate dose-re- 
sponse curve was established by addition of 
incremental doses of isoproterenol to the 
medium following the 1-hour stabilization 
period. Isoproterenol concentrations in the 
range of 10-!? to 10+ M were studied. Iso- 
proterenol increased the heart rate in a 
dose-dependent fashion (fig 2). 10-7 M iso- 
proterenol elicited the maximum increase in 
heart rate. 


In another series of 4 experiments, the 
same experimental procedure was repeated 
in the presence of 3 x 10-7 M dl-propranolol. 
This caused a marked shift of the isopro- 
terenol dose-response curve to the right, 
indicating that 3 x 107 M dl-propranolol 
represents an adequate beta-adrenergic re- 
ceptor blocking dose. Propranolol itself 


Chronotropic Effects . .. Krishna and Paradise 
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RATE RESPONSE TO d,1 ISOPROTERENOL 


80 


40 e Isoproterencl 
Alone (5) 


o Isoproterenol 
20 


b OF MAXIMAL INCREASE IN ATRIAL RATE 
a 
o 





-6 


< 10 107 1079 107 — 10 10? — 10 


d,l ISOPROTERENOL (M) 


Fic 2. Effect of 3 X 10^ M dl-propranolol on atrial- 
rate response to dl-isoproterenol. 100 percent repre- 
sents the maximum increase achieved with isopro- 
terenol. 


produced a negligible effect on heart rate 
(—3%). 


Effect of Different Concentrations oj In- 
halation Anesthetics on Atrial Rate. 


1. Control Series: Following the 1-hour 
stabilization period, the medium was exposed 
to the anesthetic. After a 30-minute expo- 
sure to the anesthetic at a given vaporizer 
setting, atrial rate and anesthetic concen- 
tration in the medium were determined. The 
anesthetic concentration was expressed in 
multiples of MAC and its relation to fre- 
quency of contraction noted. The results 
with individual anesthetics were: 


(a) Diethyl ether: For reference pur- 
poses, the diethyl ether concentration-rate 
response, expressed in MAC multiples, from 
our previous study? is included in the pres- 
ent report. As before, diethyl ether elicited 
a marked dose-dependent increase in the 
frequency of contraction of isolated rat atri- 
al preparations (+38 + 6% at 3.54 + 0.2 
MAC—fig 3). 


(b) Methoxyflurane: Methoxyflurane 
caused a dose-dependent increase in heart 
rate. The maximum increase of +43 + 9 
percent was elicited by 2.2 + 0.03 MAC 
methoxyflurane. The response is similar to 
that of diethyl ether. Higher concentrations 
did not increase the heart rate any further 
(fig 4). 


(c) Enflurane: Enflurane elicited a dose- 
dependent positive chronotropic effect (fig 
5). However, compared to diethyl ether and 
methoxyflurane, the magnitude of this re- 
sponse was much lower (+17 + 3% at 1.81 
+ 0.05 MAC). 
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Fic 3. Diethyl ether-atrial rate dose response 
curves in the control series and in the presence of 
either 1 X 10-* M atropine or 3 X 10°‘ dl-propranolol. 
100 percent represents the atrial rate at the con- 
clusion of the 1-hour stabilization period. MAC 
represents ether concentration expressed in multi- 
ples of human MAC values. 
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Fic 4. Methoxyflurane-atrial rate dose-response 
curves. 
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Fic 5. Enflurane-atrial rate dose-response curves. 
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(d) Fluroxene: In contrast to other stud- 
ied anesthetic ethers, fluroxene in the range 
of 0.29 to 2.87 MAC had a slight depressant 
effect on atrial rate (—8 + 3% at 0.74 + 
0.04 MAC—fig 6). 


(e) Halothane: Low concentrations of 
halothane (0.59 to 1.38 MAC) depressed 
the frequency of contraction of rat atrial 
preparations slightly (—11 + 3% at 0.96 + 
0.01 MAC), whereas higher concentrations 
(1.84 to 2.91 MAC) elicited a positive 
chronotropic effect (+7 + 5% at 2.79 + 
0.16 MAC—fig 7). 


(f) Chloroform: Chloroform (fig 8) elic- 
ited a dose-dependent decrease in the fre- 
quency of contraction of rat atria. The heart 
rate decreased (—14 + 4%) at the highest 
studied concentration 1.48 + 0.06 MAC. It 
was not possible to study higher concentra- 
tions of chloroform because of the concomi- 
tant depression of atrial force of contraction. 


(g) Trichloroethylene: Trichloroethylene 
(fig 9) elicited a marked dose-dependent 
positive chronotropic effect. The maximum 
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Fic 7. Halothane-atrial rate dose-response curves. 
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Fic 8. Chloroform-atrial rate dose-response curves. 
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Fig 9. Trichloroethylene-atrial rate dose-response 
curves. 


increase in heart rate (+50 + 7%) oc- 
curred at 5.57 + 0.17 MAC. 


2. dl-Propranolol Series: After the 1-hour 
stabilization period, a measured quantity of 
dl-propranolol was added to the bath to 
achieve a 3 x 1077 M dl-propranolol con- 
centration in the medium. Anesthetic ad- 
ministration was begun 10 minutes after 
propranolol administration. The remainder 
of the experimental procedure was similar 
to the control series. 


'The presence of dl-propranolol in the me- 
dium had virtually no effect on the dose- 
response curves of individual anesthetics 
(see corresponding figures). We therefore 
conclude that the chronotropic effects of 
volatile anesthetics are not mediated via 
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catecholamine release or their effects on 
beta-adrenergic receptors. 


3. Atropine Series: After the 1-hour sta- 
bilization period, a measured amount of 
atropine was added to the bath to achieve 
a 1x 107^ M atropine concentration in the 
medium. Anesthetics were administered 10 
minutes after the addition of atropine. The 
remainder of the experimental procedure 
was similar to the control series. 


The presence of atropine did not alter 
the dose-response curve of individual anes- 
thetics (see corresponding figures). On the 
basis of this series, we conclude that the 
chronotropic effects in isolated rat atrial 
preparations are not mediated via musca- 
rinic cholinergic receptors. 


DISCUSSION 


Alterations in heart rate have been re- 
ported by numerous investigators in studies 
conducted in animals and in man. A great 
deal of inconsistency exists in the results. 
Few studies attempt to discern the possible 
mechanism. Most of the information on the 
mechanism of chronotropic effects of inhala- 
tion anesthetics relates to halothane, which 
has been found to have a direct negative 
chronotropic effect on the pacemaker cells 
during studies in vagotomized dogs,’ cardi- 
ac denervated dogs,* and isolated perfused 
frog,” toad!" and cat heart.!! 


% OF CONTROL ATRIAL RATE 
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Reynolds and coworkers!” studied the ef- 
fects of halothane and methoxyflurane on 
sinoatrial nodal fibers on isolated cat and 
rabbit right atrium. They concluded that 
the chronotropic effects of both halothane 
and methoxyflurane were direct, since they 
could not be influenced by either atropine 
or propranolol. Their findings indicate that 
halothane :1 to 2%) manifests a negative 
chronotropic effect, whereas methoxyflurane 
(1% or higher) elicits a biphasic action, an 
initial acceleration followed by a depression 
of heart rate at these very high concentra- 
tions. 


We know of no information regarding the 
mechanism of the chronotropic actions of 
other agents. Our results (fig 10) indicate 
that volatile inhalation anesthetics mani- 
fest significant effects on the frequency of 
contraction of isolated rat atrial prepara- 
tions. Anesthetic ethers, with the exception 
of fluroxene, elicited dose-dependent posi- 
tive chronetropic effects. Methoxyflurane 
caused the most marked effect (+43 + 992, 
at 2.2 + 0.03 MAC), diethyl ether lesser 
(+38 + 6% at 3.54 + 0.02 MAC) and en- 
flurane the least (+17 + 3% at 1.81 + 0.05 
MAC). Fluroxene, on the other hand, elic- 
ited a slight depression at levels below 3 
MAC. 


The studied halogenated hydrocarbons, in 
contrast to anesthetic ethers, do not show 


Methoxyflurane 


Trichloroethylene 
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MAC 


Fic 10. Summary of the control series anesthetic-atrial rate dose-response curves for all anesthetics. 
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a uniform pattern. Halothane had a slight 
depressant effect on heart rate, chloroform 
had a depressant effect, whereas trichloro- 
ethylene showed a dose-dependent increase. 
The effects of all these anesthetics on heart 
rate remained unaltered in the presence of 
either propranolol or atropine. These results 
would indicate that catecholamine release 
or direct beta-adrenergic stimulation or cho- 
linergic receptor stimulation can be exclud- 
ed as a possible mechanism of chronotropic 
effects of inhalation anesthetics. 


While we conclude that inhalation anes- 
thetics manifest direct chronotropic effects 
on rat atrial pacemakers, which are not 
mediated via direct or indirect stimulation 
of adrenergic or cholinergic receptors, our 
study fails to demonstrate the exact mecha- 
nism. Certain anesthetics have been shown 
to alter the cyclic AMP system in noncar- 
diac tissue;!?.!* thus it is conceivable that 
the chronotropic effects of inhalation anes- 
thetics are also mediated via alterations in 
this system. 


Most of the data on chronotropic effects 
of inhalation anesthetics in the intact ani- 
mal and human is difficult to interpret be- 
cause of the many uncontrolled variables, 
such as preanesthetic medication, concomi- 
tant use of adjuvant drugs, surgical proce- 
dures, reflexes, unkown alveolar anesthetic 
concentration, and uncontrolled Pao, and 
Paco, levels. In recent years, the cardiovas- 
cular effects of halothane,!».19 fluroxene,! 17 
diethyl ether,!9.15.19 methoxyflurane,2" and 
enflurane?! have been studied in human vol- 
unteers. Since all possible variables, except 
of course reflexes, were controlled in these 
studies, the results represented the most 
accurate measurements of hemodynamic 
parameters in man. 


Eger's group! compared the hemodynam- 
ic effects of halothane, fluroxene, and di- 
ethyl ether in the 1 to 3 MAC range. They 
reported that during the 1st hour of anes- 
thesia, halothane had no effect on heart rate 
at any MAC level. Diethyl ether increased 
heart rate at every dose level, whereas flu- 
roxene caused a slight depression at 1.4 
MAC, a slight stimulation at 2.4 MAC, and 
a profound chronotropic effect at 3.2 MAC. 
Libonati and associates?? reported a 9 per- 
cent increase in heart rate with methoxy- 
flurane at 1.4 MAC during the 1st hour 
of anesthesia. Calverley and colleagues,?! 
studying the effects of enflurane on cardio- 
vascular hemodynamics in man, noted a 22 
and 43.3 percent increase in heart rate at 
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1 and 1.5 MAC, respectively, during the 
Ist 10 to 15 minutes of anesthesia. No com- 
parable information in humans is available 
for chloroform and trichloroethylene. 


Our results on the chronotropic effects of 
inhalation anesthetics show a striking simi- 
larity to the published human data. If a 
comparison between our results in rat and 
those published for humans is valid, at least 
the early changes (1st hour of anesthesia) 
of heart rate in humans could be largely ex- 
plained on the basis of a direct effect of 
volatile inhalation anesthetics on atrial 
pacemakers. 


It is well known that anesthetic ethers 
have a lesser propensity to cause dysrhyth- 
mias than hydrocarbon anesthetics. It is 
interesting to note that most anesthetic 
ethers elicit a direct positive chronotropic 
effect. Although the effects of inhalation an- 
esthetics on the cardiac conduction sys- 
tem! ?.1?.?2,23 cannot be discounted, this 
positive chronotropic effect might explain 
some of the protective effect of ethers 
against arrhythmias in a fashion similar to 
atrial pacing.?: 
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Guest Discussion 


ROBERT G. MERIN, MD 
Department of Anesthesiology 
University of Rochester Medical Center 
Rochester, New York 


On the basis of the work of Drs. Krishna 
and Paradise, there can be little doubt that 
methoxyflurane, diethyl ether, trichloroeth- 
ylene, anc enflurane directly increase the 
rate of contraction of rat atrial strips by a 
mechanism that does not involve beta-ad- 
renergic receptors. From the graphs pre- 
sented, it seems possible that atropine may 
have affected this response with diethyl 
ether and methoxyflurane, but as there is 
no statistical evaluation, we cannot be cer- 
tain of this. The effects of halothane, flurox- 
ene, and chloroform would seem to be mini- 
mal, again with a possible effect of atropine 
for the first 2 anesthetics. 


However, the comparison between rat 
atrial strips and intact humans is not justi- 
fied. In the first place, the anesthetic doses 
should have been expressed in absolute 
units, as the authors did in their previous 
work with diethyl ether.! Certainly, the ex- 
trapolation from the measured anesthetic 
concentrations in the bath to MAC values 
is valuable for comparison, but the MAC 
values should be those for the species being 
examined. There are substantial species dif- 
ferences in MAC, especially with diethy] 
ether, fluroxene, and methoxyflurane.? ? 
There are also substantial differences be- 
tween the intrinsic function of the hearts 
of the rat and higher mammals. Of particu- 
lar pertinence is the higher intrinsic rate of 
contraction." 


The actual control heart rates have not 
been reported in this study, but the resting 
rate in the intact rat is in excess of 300/min. 
Previous work with low concentrations of 
halothane, diethyl ether, and methoxyflu- 
rane in cat atrial strips showed no change 
in contraction rate.’ Porsius and Van 
Zwieten? saw a dose-dependent decrease in 
the spontaneous contraction rate of guinea 
pig atria with halothane, as did Flacke and 
Alper’ in a dog heart-lung preparation. 


In chronically instrumented dogs, we 
have seen positive chronotropic effects with 
the 4 anesthetics tested (figure). The MAC 
equivalents are extrapolated from measured 
end-tidal concentrations to the values re- 
ported from man. In all instances, the low 
concentratioms here were +1 MAC for the 
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Ficure. Effect of inhalation anesthetics on heart 
rate in the conscious dog. 


dogs being tested. Note the marked differ- 
ence between canine and human MAC val- 
ues with methoxyflurane and fluroxene. 
Vatner and Smith!? have reported the same 
sort of chronotropic effect with halothane 
in their chronically prepared dogs. 


Although, as the authors have reported, 
there is reasonable agreement between the 
chronotropic effect of halothane and diethyl 
ether in rat atria and intact man, the effects 
of fluroxene!! and enflurane!? are appreci- 
ably different. Even if such a comparison 
is valid, it does not correlate well with all 
anesthetics. The fact that there appears to 
be no direct adrenergic and little or no 
cholinergic effect by the anesthetic does not 
argue against the mechanism of the heart 
rate changes in intact animals being in- 
volved with autonomic nervous activity, 
probably on a central basis. Consequently, 
I still believe that the balance between sym- 
pathetic and parasympathetic effects on the 
heart is the primary determinant of the rate 
in intact man, whether awake or anesthe- 
tized. 


The hypothesis concerning the antiar- 
rhythmic effects of anesthetics is interesting, 
but again, fluroxene and halothane do not 
fit the category, although the latter certain- 
ly depresses A-V conduction as at least 1 
mechanism of its action.!? 


I have several questions for Dr. Krishna, 
some of which I have referred to previously: 


1. Do you know MAC equivalents for 
these anesthetics in rats? 


2. What was the intrinsic rate of con- 
traction of the atrial strips and (an allied 
question) can SA nodal tissue from the rat 
be used, and is it different from regular 
atria? 

3. Are the atropine changes referred to 
statistically significant? 
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4. Previous studies from your laboratory 
have reported that 1 MAC halothane and 
methoxyflurane depress contractile force in 
right atria by 50 percent; 3 MAC concentra- 
tions were delivered in this study. What 
sort of contractile depression was produced 
compared with the 1.48 percent chloroform” 
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Comment 
GOPAL KRISHNA, MD 


I appreciate Dr. Merin’s comments on our 
study. I shall answer the specific questions 
first: 


1. White, Johnston, and Eger ( Anesthe- 
siology 40:52, 1974) found the MAC value 
for old rats to be 0.9 vol % halothane and 
1.1 vol % halothane for young rats. 


2. The intrinsic rate of contraction of our 
isolated rat atrial preparations was approxi- 
mately 180 bpm. An early initial attempt to 
isolate SA nodal tissue from rat atria was 
unsuccessful. 


3. With reference to the atropine studies: 


(a) We have not done a statistical analy- 
sis of the data. We think it would require 
a very complicated method, since there are 
variations of both heart rate and MAC 
values at each plotted point. 


(b) If there is an effect of atropine, it is 
very small. This dose of atropine produced 
a 50-fold shift in the equieffective dose of 
acetylcholine and at best less than a 2-fold 
shift in the equieffective dose of ether or 
methoxyflurane. 


(c) Furthermore, the possible shift in the 
dose-response curve to atropine is in the 
wrong direction. If the ether effect were in 
part due to an effect on cholinergic recep- 
tors, blockade of these receptors by atropine 
would have resulted in a higher, not lower, 
heart rate response to the ethers. Although 
we cannot exclude a possible interaction 
between ether and atropine, such interaction 
cannot be involved with muscarinic cholin- 
ergic receptors. 


4. Levels of 3 MAC halothane and meth- 
oxyflurane produced about the same degree 
of depression of contractile force as 1.5 
MAC chloroform, ie, almost complete de- 
pression. This was the reason higher levels 
of these 3 anesthetics could not be studied. 
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As clinicians, we are well aware that a 
multitude of factors which alter autonomic 
tone, such as hypoxia, hypercarbia, anes- 
thetic concentrations, blood pressure, etc, 
are capable of altering heart rate and 
rhvthm. I am in total agreement with Dr. 
Merin in his belief that changes in auto- 
nomic tone play a significant role in altering 
heart rate in intact man. 


Dr. Merin's criticism relates primarily to 
2 aspects of our study: 


1. The expression of anesthetic concen- 
tration in human MAC values. 


2. Comparison of isolated rat atrial 
chronotropic data and published human 
data on chronotropic effects of anesthetics. 


Concerning point 1, anesthetic concentra- 
tions can be, of course, expressed in mg %, 
volume %, or MAC for a given species. Con- 
ceptually, MAC refers to the anesthetic re- 
quirement in a given species, and as Dr. 
Merin mentioned, they differ from species 
to species. In this study, we were primarily 
interested in studying the chronotropic ef- 
fects of those concentrations of inhalation 
anesthetics which are clinically used in man. 
We therefore elected to express the anes- 
thetic concentration in human MAC values 
just as a frame of reference. 


Concerning point 2, to our knowledge, it 
is unknown if inhalation anesthetics are 
capable of causing a direct effect on pace- 
maker cells in man. Halothane and meth- 
oxyflurane have been found to have a direct 
effect on spontaneous rate of contraction in 
a number of species. Our study indicates 
that all anesthetics tested have significant 
chronotropic effects on isolated rat atrial 
preparations. It is conceivable that inhala- 
tion anesthetics may have a direct effect on 
pacemaker cells even in man. This, of 
course, does not contradict the fact that an- 
esthetics may have indirect effects on heart 
rate via the autonomic nervous system, but 
provides an additional mechanism for these 
alterations. 
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A Comparison of Glycopyrrolate and Atropine During Reversal 
of Nondepolarizing Neuromuscular Block with Neostigmine 


GERARD W. OSTHEIMER, MD* 


Glycopyrrolate and atropine were compared as 
to their effects on heart rate, arrhythmias, 
blood pressure, and volume of oropharyngeal 
secretions. Glycopyrrolate protects against neo- 
stigmine-induced bradycardia, produces less 
initial tachycardia, causes a lower incidence of 


G LYCOPYRROLATE, an anticholinergic qua- 
ternary ammonium compound, has 
been suggested as a substitute for atropine 
during reversal of nondepolarizing neuro- 
muscular block with neostigmine. Its pro- 
posed advantages are: protection against 
neostigmine-induced bradycardia;! low inci- 
dence of cardiac arrhythmias when given 
IV;?? excellent drying qualities; * long 
duration of action (3 to 4 hours) ;?* and 
only peripheral anticholinergic activity. 
This latter effect is the result of its quater- 
nary ammonium structure, which has a posi- 
tive charge and does not cross the blood- 
brain barrier, in contrast to atropine, which 
is a tertiary amine, readily crosses the blood- 
brain barrier, and may produce central, as 
well as peripheral, anticholinergic effects. 


'The purpose of this study was to compare 
the changes in heart rate and blood pres- 
sure; the incidence of arrhythmias; and the 
efficacy of glycopyrrolate and atropine in 
decreasing the secretions produced by neo- 
stigmine during reversal. 


METHODS 
All types of surgical patients, male and 
female, ASA class I, II, and III, ranging in 





*Winnie AP, Anticholinergic differences—a matter 
of safety (a scientific exhibit). Annual Meeting of 
the International Anesthesia Research Society, 
1976. 


cardiac arrhythmias, and is a superior oro- 
pharyngeal drying agent. Use of this drug in- 
stead of atropine should be considered during 
reversal of  nondepolarizing neuromuscular 
block. 


age from 14 to 77 years, were included in 
this study. No attempt was made to select 
individual patients for a specific drug. 


Anesthesia was induced with sodium thio- 
pental and maintained with N.O-O. and 
narcotic supplementation. Endotracheal in- 
tubation was aided by succinylcholine (1 to 
1.5 mg/kg). Muscle relaxation for the sur- 
gical procedure was provided with d-tubo- 
curarine, pancuronium, or gallamine. Ven- 
tilation was controlled manually or by a 
volume-limited ventilator during the opera- 
tive procedure and reversal of neuromuscu- 
lar block. 


The ECG was continuously recorded; 
blood pressure was measured by the Riva- 
Rocci method at 60-second intervals, and 
neuromuscular block was assessed with a 
Block-Aid® Monitor during reversal. Arte- 
rial blood gases were not evaluated. The 
oropharynx was aspirated completely be- 
fore each of the following combinations of 
drugs was administered IV over 60 seconds 
in a randomized manner: 


Group I (105 patients): Glycopyrrolate, 
0.5 mg and after 5 minutes, neostigmine, 2.5 
mg; 

Group II (100 patients): Atropine, 1 mg 
and neostigmine, 2.5 mg, administered si- 
multaneously; 


*Assistant Professor of Anaesthesia, Harvard Medical School; Anesthesiologist, Boston Hospital for Women, 


Boston, Massachusetts 02115. 
Paper received: 5/3/76 
Accepted for publication: 10/10/76 
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50 
oo I Glycopyrrolate- O5mg and at 5min, Neostigmine - 2 5mg 


a--a [I Atropine- | Omg ond Neostigmine - 2 5mg together 
40} *—* III Glycopyrrolate-O 5mg and Neostigmine- 2 5mqg together 


BEATS PER MINUTE 
n 
e 


D 1 2 3 4 93 b T B 9» 9 
MINUTES AFTER INJECTION 
FIGURE. Changes in heart rate (mean + S.D.) from 
control values. [Eccentric spacing of each group at 


each time interval done on purpose for greater 
clarity. ] 


Group III (100 patients): Glycopyrrolate, 
0.5 mg and neostigmine, 2.5 mg, adminis- 
tered simultaneously. 


The heart rate was measured from the 
ECG before the injections and once a min- 
ute for 5 minutes after the termination of 
each injection. Five minutes after the ter- 
mination of the injection and before extu- 
bation, oropharyngeal secretions were ob- 
tained using a De Lee suction catheter ap- 
paratus and their volume measured. 


The statistical significance of heart rate 
changes was determined by Student’s paired 
t-test. Changes in systolic blood pressure 
and oropharngeal secretions were compared 
by chi-square analysis. 
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RESULTS 

Heart Rate (table 1 and figure) .—When 
glycopyrrolate was administered alone, there 
was a gradual increase in heart rate, which 
peaked at 4 minutes and then leveled off. 
Following neostigmine administration at 5 
minutes, the heart rate gradually decreased 
until it had returned essentially to control 
levels at 5 minutes after the injection of 
neostigmine. 

Comparing atropine (1 mg) and neostig- 
mine (2.5 mg) together versus glycopyrro- 
late (0.5 mg) and neostigmine (2.5 mg) to- 
gether, there was a statistically significant 
(p<0.05) increase in heart rate with the 
atropine-neostigmine combination at 1, 2, 3, 
and 4 minutes over the glycopyrrolate-neo- 
stigmine combination. 


Five arrhythmias were noted in the group 
that received atropine and neostigmine to- 
gether: atrioventricular dissociation with 
premature ventricular contractions ( PVCs) 
(n = 1); bigeminy progressing to a nodal 
rhythm (n = 1); nodal rhythm progressing 
to sinus bradycardia (n = 1); and PVCs 
(n = 2). Nodal rhythm (n = 2) and PVC 
(n = 1) occurred when glycopyrrolate and 
neostigmine were administered together. 
When neostigmine was administered 5 min- 
utes after glycopyrrolate, a nodal rhythm 
with PVCs occurred on one occasion. Dur- 
ing the 5-minute recording period, a heart 
rate of less than 60 bpm occurred 7 times 
when atropine and neostigmine were admin- 
istered together but occurred only once 
when glycopyrrolate and neostigmine were 
combined or given 5 minutes apart. 


Blood Pressure (table 2).—There were 
no significant differences in systolic blood 
pressure among the 3 groups. 


TABLE 2 
Changes in Systolic Blood Pressure 








|. Glycopyrrolate ll. Atropine + lll. Glycopyrrolate 
+ neostigmine neostigmine + neostigmine 
Torr after 5 minutes together together 
+21-40 21 18 ML 6 ES 
--1-20 MD 89 60 >79 68 >80 
ae 7 
0 4 E 6^ 
—1-20 12 IT 20 
16 21 20 
—21-40 4 ge i 0 i 
Groups I versus II I versus III II versus III 
0 —> +40 NS NS NS 
0—> —40 NS NS NS 
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TABLE 3 
Volume of Oropharyngeal Secretions (ml) 





|. Glycopyrrolate 


+ neostigmine 
after 5 minutes 


Minimal (0-5 ml) 86% 
Moderate (5.1-10 ml) 12% 
Profuse (10.1 ml +) 2% 
Groups I versus II 
Minimal «0.01 
Moderate «0.01 
Profuse «0.01 


Secretions (table 3).—After the adminis- 
tration of glycopyrrolate, either before or 
simultaneously with neostigmine, the vol- 
ume of secretions was significantly lower 
than after atropine in combination with neo- 
stigmine. 


DISCUSSION 


In the present study, glycopyrrolate pro- 
duced a significantly smaller change in 
heart rate, fewer arrhythmias, and signifi- 
cantly less secretions than atropine when 
administered with neostigmine during the 
reversal of neuromuscular blockade. There 
were no significant differences in blood pres- 
sure. 


Ramamurthy and associates? found that 
after the administration of a mixture of 
glycopyrrolate- (0.6 mg) and neostigmine 
(3 mg), the maximum increase in heart 
rate occurred at 1 minute. This increase was 
56 percent less than that following atropine 
(1.2 mg) and neostigmine (3 mg), a highly 
significant difference (p<0.01). One of 20 
patients receiving the glycopyrrolate-neo- 
stigmine mixture demonstrated a transient 
nodal rhythm and 3/20 patients receiving 
the atropine-neostigmine mixture exhibited 
the same arrhythmia. 


None of Ramamurthy's patients exhibited 
an increase or decrease of systolic blood 
pressure of greater than 20 torr, and secre- 
tions were negligible in all groups receiving 
glycopyrrolate (0.3 mg or greater). Their 
recommendation was that the optimal ratio 
of glycopyrrolate to neostigmine be 1:5. 
'This implies that the potency of glycopyr- 
rolate is twice that of atropine, the dosage 
ratio and equivalency used in the present 
study. The present study also substantiates 


il. Atropine + 
neostigmine 


Ill. Glycopyrrolate 
+ neostigmine 


together together 
30% 90% 
45% 9% 
25% 1% 


I versus III II versus III 


NS <0.01 
NS «0.01 
NS «0.01 


the heart rate changes and the lower inci- 
dence of arrhythmias when glycopyrrolate 
is used. 


Baraka’:" and Rosner’s group! recom- 
mended that hyperventilation and adequate 
oxygenation be provided during reversal to 
decrease or prevent the respiratory acidosis 
and hypoxia that increase the sensitivity of 
the heart to the arrhythmogenic effects of 
atropine and neostigmine. These recom- 
mendations were followed, which probably 
contributed to the low overall incidence of 
arrhythmias in our study. Klingenmaier and 
coworkers? found increases in heart rate 
that were substantiated by the present in- 
vestigation. 


The incidence of cardiac arrhythmias in 
the studies by Ramamurthy, Klingenmaier, 
and in the present study (approximately 
5%) when glycopyrrolate is used is in 
marked contrast to the 53 percent incidence 
of arrhythmias found by Ovassapian? when 
atropine was administered. The changes in 
heart rate observed by Ovassapian when 
atropine (1 mg) and neostigmine (2.5 or 
3 mg) were administered are comparable to 
the response with atropine-neostigmine 
found in the present study. 


There is less tachycardia demonstrated 
with glycopyrrolate than with atropine be- 
cause this drug has a slower onset and long- 
er duration of action, so that the anticho- 
linergic effects of glycopyrrolate occur si- 
multaneously with the onset of the choliner- 
gic effects of neostigmine when they are 
given together. 


The superior drying ability of glycopyr- 
rolate is conclusively demonstrated. Wyant 
and Kaot reported that glycopyrrolate 
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(0.2 mg) has 3 times as much antisialogogue 
action as atropine (0.4 mg) (equipotent 
doses). This characteristic is a distinct ad- 
vantage when excessive secretions could 
cause an airway problem in recovering from 
a general anesthetic. 


In conclusion, the present study provides 
further evidence that glycopyrrolate is su- 
perior to atropine in protecting against neo- 
stigmine-induced bradycardia in the dosage 
of glycopyrrolate 0.5 mg versus atropine 
1 mg administered simultaneously with neo- 
stigmine 2.5 mg. Glycopyrrolate causes less 
tachycardia and a smaller incidence of car- 
diac arrhythmias when adequate oxygena- 
tion is maintained. The superior drying abil- 
ity of glycopyrrolate over atropine when 
used in conjunction with neostigmine in re- 
versal of neuromuscular block is demon- 
strated. 
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EXERCISE-INDUCED DYSRHYTHMIAS. The incidence of treadmill exercise-induced 
ventricular dysrhythmias was studied in patients with and without coronary artery 
disease. All subjects were free of premature ventricular contractions (PVC’s) at rest. 
Ventricular dysrhythmias were frequent during exercise in both groups. However at 
a heart rate of 130 beats/min 27 percent of patients with coronary artery disease 
manifested ventricular dysrhythmias compared with less than 10 percent of normal 
patients. The incidence of multifocal PVC’s, more than 10 PVC’s/min and ventricular 
tachycardia were significantly greater at submaximal heart rates in patients with 
coronary disease. The incidence of ventricular dysrhythmias in patients with coronary 
atherosclerosis and ST segment depression was not significantly increased during 
exercise. (McHenry PL, Morris SN, Kavalier M et al: Comparative study of exercise- 
induced ventricular arrhythmias in normal subjects and patients with documented 
coronary artery disease. Am J .Cardio 37:609-616, 1976) 
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Antiarrhythmic Anesthetic Action |: The Effect of Halothane on 
Canine Intracardiac Impulse Conduction During Sinus Rhythm 


DEAN H. MORROW, MD* 
JOSEPH R. LOGIC, MD} 
JOHN V. HALEY, PhD: 


The effect of halothane on intracardiac impulse 
conduction was assessed in dogs before and 
after pharmacologic vagotomy. Impulse conduc- 
tion was measured by anesthetic-related changes 
in the A-H and H-V intervals of the His bundle 
electrogram. Prior to vagotomy, both “light” 
and “‘deep” halothane prolonged the A-H inter- 
val significantly. Maximal A-H interval pro- 
longations corresponded to the maximal decrease 
in heart rate with either dose of anesthetic. 
Following vagotomy, the A-H prolongation pro- 
duced by light halothane was abolished and the 
prolongation produced by the deep level greatly 
reduced. Neither dose of halothane had a meas- 
urable effect on the H-V interval before or 
after vagotomy. 

In one animal in which the effects of increasing 
rates of atrial pacing were measured without 
the addition of halothane, the A-H interval 


A oem cardiac automatic cell (pace- 
maker) automaticity and/or altered 
impulse conduction are the basis for many 
cardiac arrhythmias. When assessing the 
antiarrhythmic action of drugs, it is impor- 
tant, therefore, to determine the effect on 
both automaticity and on conduction. 


We have provided evidence that clinically 
useful concentrations of halothane will re- 
store a normal rhythm in dogs in which ven- 
tricular tachycardia has been induced either 
by ouabain intoxication! or coronary artery 
ligation.? Additional data has been pre- 


lengthened with no measurable change in the 
H-V interval. In two dogs in which the heart 
rate was held near pre-halothane levels by atrial 
pacing, the A-H interval was slightly prolonged 
and the H-V interval unchanged during the ad- 
ministration of deep halothane. 

These studies indicate that during sinus rhythm: 
(1) halothane prolongs A-V impulse conduction, 
(2) that this effect is correlated with a concom- 
itant decrease in heart rate, and (3) that these 
effects are largely dependent upon intact vagal 
innervation of the heart. During atrial pacing, 
A-V conduction is prolonged by increased heart 
rate or by deep halothane when the heart rate 
is held constant. Thus, in addition to the known 
effects of halothane on pacemaker automaticity, 
concomitant changes in conduction may contrib- 
ute to the antiarrhythmic action of this anes- 
thetic. 


sented indicating that halothane significant- 
ly suppresses pacemaker automaticity in 
both intact and ouabain-intoxicated ani- 
mals.? It is possible that the antiarrhythmic 
efficacy of halothane is due to automaticity 
suppression alone. However, it is possible 
that this effect is also related to anesthetic- 
induced alterations in conduction. 


Atlee and Rusy* measured the effect of 
halothane on intracardiac conduction in ani- 
mals subjected to fast rates of atrial pacing. 
Their carefully conducted studies demon- 
strated that halothane prolongs conduction 


*Professor of Anesthesiology, Department of Anesthesiology, Anesthesia Research Unit, Baylor College of 


Medicine, Houston, Texas 77030. 


‘Associate Professor of Nuclear Medicine, Division of Nuclear Medicine, The University of Alabama 


Medical Center, Birmingham, Alabama. 


iProfessor of Behavioral Science, Department of Behavioral Science, Albert B. Chandler Medical Center, 


Lexington, Kentucky. 
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and that the greatest effect was exerted be- 
tween the atria and bundle of His. This 
anesthetic effect was not altered by vagal- 
blocking doses of atropine. Unfortunately, 
however, the methodology used by these 
workers did not permit an assessment of the 
effects of halothane on impulses conducted 
from the normal sinoatrial pacemaker or 
the importance of vagal-related heart rate 
changes under these more physiologic cir- 
cumstances. 


The present studies, an extension of in- 
vestigations concerned with the mechanisms 
for the antiarrhythmic action of anesthetics, 
measured the effect of halothane on intra- 
cardiac conduction during sinus rhythm be- 
fore and after vagotomy. 


METHODS 


The studies were performed in 19 fully 
conditioned, unpremedicated dogs averaging 
about 12 kg in weight. Basal anesthesia was 
produced in each animal by the intravenous 
(IV) injection of pentobarbital (44 mg/kg). 
Following the induction of anesthesia, tra- 
cheal intubation was performed and respira- 
tions controlled with an anesthetic ventila- 
tor using 100 percent O.. Systemic arterial 
pressure was measured from a polyethylene 
catheter in the right femoral artery and the 
right femoral vein cannulated for IV injec- 
tions. Rectal temperature was measured in 
every animal and external heat applied as 
needed to maintain body temperature be- 
tween 36 and 39° C. Heparinized arterial 
blood samples were drawn at 10-minute in- 
tervals throughout each experiment for the 
determination of pH. The minute ventila- 
tion was adjusted as needed to maintain pH 
at approximately 7.4 units. 


Intracardiac conduction was measured by 
a specially constructed multipolar recording 
catheter* positioned across the tricuspid 
valve so as to give a stable electrogram of 
potentials from the bundle of His.*^ To 
position the His bundle catheter, the left 
femoral vein was exposed and cannulated 
with a long, large-bore “guide”? cannula. 
This cannula was filled with heparinized 
saline solution and the proximal end at- 
tached to an arterial pressure transducer. 
The cannula was advanced into the heart, 
across the tricuspid valve, and manipulated 
so that the tip was 2 to 3 cm into the right 
ventricular cavity. The His bundle catheter 





*Electro-catheter Corporation, Rahway, New Jersey. 
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electrode was then inserted through the 
lumen of the guide cannula into the right 
ventricular cavity and the guide cannula 
carefully withdrawn. This blind guide can- 
nula technic using transduced pressure for 
intracardiac positioning obviates the need 
for fluoroscopic guidance, as described by 
others.*.? 

'The proximal terminals of the His bundle 
catheter electrode were connected through 
a 2-channel switching box to the input of a 
Tektronix FM 122, low-level preamplifier. 
The switching box, constructed for this ap- 
plication, permitted recording from any com- 
bination of electrode pairs on the intracar- 
diac recording catheter. Output from the 
amplifier was split to provide an external 
input for each sweep of a Tektronix 565 
oscilloscope. The time base for the upper 
sweep of the oscilloscope was adjusted to 
display the total intracardiac electrocardio- 
gram. The lower sweep was secondarily de- 
layed and of appropriate time base to am- 
plify a single P-QRS interval (including the 
His bundle potential) to full screen width. 


Optimal positioning of the recording 
catheter was achieved by carefully moving 
it back and forth across the tricuspid valve 
opening until the best His bundle electrical 
potential was seen on the lower oscillograph- 
ic trace. During positioning, various bipolar 
electrode combinations were tested to obtain 
the most clearly defined and stable His 
bundle deflection. Permanent records of the 
His bundle electrogram (HBE) were re- 
corded, with a conventional ECG lead and 
the systemic arterial pressure, on a direct- 
writing oscillograph at a paper speed of 200 
mm/sec. In selected studies, serial Polaroid 
photographs of the oscilloscope screen were 
made for comparison with the permanent 
oscillographic records (figure). 


Once instrumentation was completed, a 
minimum of 20 minutes was allowed for sta- 
bilization of the heart rate, blood pressure, 
HBE, and ventilation. Subsequently, each 
physiologic variable was observed for an 
additional hour and recorded at 20, 40, and 
60 minutes. Halothane was then added to 
the inspired O, for a total of 10 minutes. 
The effect of halothane on the heart rate, 
systemic blood pressure, and HBE was 
measured at 5 and 10 minutes of anesthetic 
exposure and at 5, 10, 20, and 30 minutes 
after it was stopped. One hour later, the 
experimental sequence was repeated in each 
animal, except that pharmacologic vagotomy 
was produced by the IV injection of 1 mg/kg 


Antiarrhythmic Anesthetic Action I... Morrow, et al 


FIGURE. 





A comparison of oscilloscopic and oscillographic 
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recordings of representative His bundle 


electrograms (HBE). The left panel in each row is a Polaroid photograph of the oscilloscope screen. 
The time base for each of the delayed lower-left tracings is 20 msec/cm. The right panels are simul- 
taneously recorded oscillographic tracings at 100 mm/sec of the HBE with a lead II ECG. A, H, and V 
identify the atrial, His bundle, and ventricular components of the HBE, respectively. Pair I is the 
control; pair II, the maximal effect of 2% halothane; and pair III, the return toward control 6 minutes 
after stopping the anesthetic. Prolongation of the A-H interval of approximately 20 msec is apparent in 


oscilloscopic tracing II. 


L-hyoscyamine. This drug was given 20 
minutes before introducing halothane for 
the 2nd time. 


In 9 animals, the end-expired halothane 
was maintained at 0.9 to 1 percent and in 
7, an end-expired level of 1.8 to 2 percent 
was used. Hereafter, these concentrations 
are referred to as “light” and ‘‘deep,” re- 


spectively. Quantification of the halothane 
dose was obtained by chromatographic anal- 
ysis of end-expiratory samples, as described 
previousl y.? 


The effect of halothane on intracardiac 
conduction was assessed by the direct cali- 
per measurement of the A-H and H-V inter- 
vals of the HBE records. The A-H interval 
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represents conduction between the atria and 
the bundle of His, including the conduction 
delay within the A-V node. Conduction be- 
tween the bundle of His and the more 
peripheral Purkinje network is represented 
by the H-V interval. Heart rate was com- 
puted from the R-R interval of the simul- 
taneously recorded ECG. Mean interval 
durations were computed from the measure- 
ment of 20 consecutive HBE complexes in 
each of the 9 experimental time segments 
before and after vagal blockade. 


The data were analyzed for statistical sig- 
nificance by analysis of variance. Addition- 
ally, covariant analysis was used to statis- 
tically correct for the effect of heart rate on 
the conduction time intervals, “P” values 
< 0.05 being considered significant. 


In three additional animals prepared in 
an identical manner, a midline sternotomy 
was performed and a small section of peri- 
cardium excised to expose the right atrial 
appendage. Bipolar clip electrodes con- 
nected through an isolation transformer 
from a Grass S-4 stimulator were attached 
to the free edge of the atrial appendage and 
used for atrial pacing. In one dog which did 
not receive halothane, we documented only 
the effect of increasing heart rate on intra- 
cardiac conduction. In the remaining two 
animals, the effect of deep halothane on 
intracardiac conduction was determined 
while the heart rate was maintained con- 
stant by pacing at a rate approximating the 
pre-halothane level. In each instance, 
square-wave monophasic pulses, 0.5 to 2 
msec in duration at approximately twice 
threshold, were used to capture the atria. 


RESULTS 


Effect of Light Halothane (table 1).— 
Prior to the first exposure to halothane, the 
mean A-H interval was 61 + 3 msec. The 
administration of light halothane prolonged 
the A-H interval; at 5 minutes, it length- 
ened to 64 + 4 msec and at 10 minutes to 
67 + 5 msec. Five minutes after stopping 
the anesthetic, the A-H interval reached a 
maximum prolongation of 71 + 7 msec. The 
increments of approximately 6 msec at 10 
minutes, and 10 msec 5 minutes later were 
statistically significant. Concomitantly, halo- 
thane slowed the heart rate and reduced 
the blood pressure. The maximum decrease 
in heart rate, of approximately 36 beats per 
minute (bpm), corresponded to the maxi- 
mum prolongation of the A-H interval. The 
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maximum decrease in blood pressure of 
approximately 33 torr occurred at 10 min- 
utes of halothane. 


Following vagotomy, the effects of light 
halothane on the A-H interval and heart 
rate were abolished (table 1). The blood 
pressure was decreased by approximately 20 
torr at 10 minutes of halothane. Light halo- 
thane had no significant effect on the H-V 
interval either before or after vagotomy. 


Effect of Deep Halothane (table 2).— 
Before vagotomy and prior to the first ex- 
posure to halothane, the mean A-H interval 
was 57 + 2 msec. The administration of deep 
halothane prolonged the A-H interval; at 5 
minutes, it had lengthened to 58 +3 msec 
and at 10 minutes to 66 +5 msec. Five 
minutes after stopping the anesthetic, the 
A-H interval reached a maximum prolonga- 
tion of 74 + 7 msec. The increments of ap- 
proximately 9 msec at 10 minutes, and 17 
msec 5 minutes later, were statistically sig- 
nificant. In addition, the difference in 
lengthening of the A-H interval between 
light and deep halothane was significant. 
Deep halothane slowed the heart rate and 
reduced the blood pressure. The maximal 
decrease in heart rate of approximately 68 
bpm corresponded to the maximum prolon- 
gation of the A-H interval. The maximum 
decrease in blood pressure of 75 torr oc- 
curred at 10 minutes of halothane. 


Following vagotomy, the maximum effects 
of halothane on the A-H interval and heart 
rate were reduced to 4 msec and 12 bpm, 
respectively. Blood pressure was decreased 
by approximately 40 torr at 10 minutes of 
halothane. Deep halothane had no signifi- 
cant effect on the H-V interval either before 
or after vagotomy. 


The difference in A-H interval produced 
by either level of halothane before vagotomy 
became statistically insignificant when cor- 
rected by covariant analysis for the con- 
comitant decreases in heart rate. 


Responses During Atrial Pacing.—In the 
animal in which the effects of atrial pacing 
only was measured, the pre-pace A-H and 
H-V intervals were 76 and 24 msec, respec- 
tively, at a sinus heart rate of 108 bpm. As 
the heart was paced at progressively faster 
rates, the A-H interval lengthened. At a 
paced rate of 116 bpm, the A-H interval was 
110 msec, where it remained as the rate was 
further increased to 133, 148, and 164 bpm. 
At a paced rate of 180 bpm, the A-H in- 
creased to 115 msec. The H-V intervals over 
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Antiarrhythmic Anesthetic Action I... Mor-ow, et al 


the range of paced rates tested were 25, 25, 
28, 28, and 25 msec respectively. 


In the first of the 2 animals in whch the 
effects of deep halothane was assessed with 
the heart rate held constant by pacing, the 
pre-pace A-H and H-V intervals were%8 and 
38 msec, respectively, at a sinus rate of 156 
bpm. At a paced rate of 168 bpm, before 
halothane, the A-H and H-V intervass were 
90 and 38 msec. After 10 minutes cf deep 
halothane, the A-H interval was inereased 
to 125 msec while the H-V interval remained 
unchanged. Thirty minutes after stopping 
the anesthetic, with continued paciag, the 
A-H interval had decreased to 80 mec. 


In the 2nd dog studied in this manner, 
the A-H and H-V intervals were 73 and 18 
msec, respectively, at a sinus rate of 127 
bpm. At a paced rate of 160 bpm before 
halothane, the A-H and H-V interva s were 
84 and 20 msec. After 10 minutes cf deep 
halothane, the A-H interval was inereased 
to 110 msec while the H-V interval remained 
unchanged. Thirty minutes after stopping 
the anesthetic, with continued pacirg, the 
A-H and H-V intervals decreased to 30 and 
18 msec, respectively. 


COMMENT 


The present studies provide new evidence 
that during sinus rhythm: (1) habthane 
can produce significant prolongations in im- 
pulse conduction, (2) this action o halo- 
thane is limited to an effect on that segment 
of the conduction system between the atria 
and His bundle, (3) the effect requires in- 
tact vagal innervation of the heart, and (4) 
the conduction prolongation produced by 
halothane is related largely to the coacomi- 
tant reduction in heart rate. 


These data extend the previous observa- 
tions of Atlee and Rusy,* who demen: trated 
similar halothane effects on conduction in 
the dog heart during atrial pacing at ircreas- 
ing rates. Unlike their observations, where 
the rate dependency of the A-H irterval 
was obviated by pacing, the present studies 
indicate that the effect of halothane ca con- 
duction in sinus rhythm is dependen upon 
an intact vagus, at least in the pentoberbital- 
anesthetized dog. 


Evidence supporting this concluson is 
found in observations that: (1) the maxi- 
mum prolongations in conduction corre- 
sponded to the maximum decreases ir heart 
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rate, (2) the conduction effect was essen- 
tially abolished by pharmacologic vagotomy, 
(3) the halothane-related prolongation in 
conduction was observed only in that por- 
tion bee conduction system within the 
anatomic distribution of the vagus, and (4) 
that when the vagus-mediated decrease in 
heart rate was corrected for by covariant sta- 
tistical-analysis, the halothane effects on 
conduciion were not significant. 


The observation that there was a small 
prolongation in conduction even though the 
heart rate was maintained near preanesthet- 
ic levels by pacing suggests that there may 
be an-additional halothane effect on con- 
duction which is independent of vagal heart 
rate changes. The mechanism of this im- 
portant observation is currently under in- 
vestigation in our laboratory. Additionally, 
these latter data point out the care which 
must be exercised in drawing conclusions 
from statistically controlled, as opposed to 
experimentally controlled, observations. 


From the standpoint of explaining the 
antiarrhythmic action of anesthetics, the 
data indicate that halothane-related prolon- 
gations in conduction, in addition to the 
previously demonstrated suppression of 
pacemaker automaticity with this drug, 
may be an important additional mechanism 
for the antiarrhythmic effect. 
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Antiarrhythmic Anesthetic Action. Il. The Effect of 
Methoxyflurane on Ventricular Automaticity 


JAMES E. WARREN, MD* 
DEAN H. MORROW, MDT 


During the course of surgical anesthesia, the 
majority of patients experience some arrhyth- 
mias, virtually all of which can be attributed 
to changes in cardiac pacemaker automaticity 
and/or alterations in cardiac conduction ve- 
locity. Therefore, a better understanding of 
these mechanisms is of importance to anesthe- 
siologists. 


Cardiac automaticity in the intact heart of 
dogs under methoxyflurane anesthesia was as- 
sessed by measuring changes in ventricular 
escape time (VET) and ventricular escape rate 
(VER). A slight shortening of VET was noted, 


HE effect of methoxyflurane on cardiac 

rhythm in the intact organism has not 
been firmly established. Some authors! re- 
port a stable sinus rhythm with this agent 
while others have observed arrhythmias, 
particularly nodal rhythms. One interesting 
observation of several workers! ? is the occa- 
sional appearance of a wandering pacemaker 
in animals and man receiving methoxyflur- 
ane. This phenomenon is probably related 
to the effect of methoxyflurane on the elec- 
trical activity of the primary pacemaker 
fibers and is seen at all levels of anesthesia. 
Although the appearance of ventricular ar- 
rhythmias with methoxyflurane is rare, there 
are reports of ventricular extrasystoles dur- 
ing its administration.?.? 


Unlike some inhalational anesthetics, 
methoxyflurane produces no significant re- 


while there was virtually no change from con- 
trol in VER. 

Unexpectedly, however, a nonsinus supraven- 
tricular escape focus became prominent in 
many animals at a low anesthetic dose and in 
all animals at a higher anesthetic concentra- 
tion. This effect was shown to be preventable 
by pretreatment with reserpine or a beta- 
blocking agent. 

It is concluded that methoxyflurane increases 
the automaticity of parts of the atrial con- 
ducting system, other than the sinus, either by 
a direct effect or by increasing the sensitivity 
to prevailing background adrenergic levels. 


lease of endogenous catecholamines during 
normal anesthesia, and the release of cate- 
cholamines during hemorrhage or hypercar- 
bia is less than that previously measured 
with halothane.® Sensitization of the myo- 
cardium to epinephrine-induced arrhyth- 
mias has been seen, but again is much less 
pronounced than with halothane.’ Likewise, 
Black? reported that the threshold for ar- 
rhythmias produced by CO, inhalation was 
higher for methoxyflurane than for halo- 
thane, this being an index of response to 
endogenously released catecholamines. 


At the same time, a number of authors?:*:5 
have contended that epinephrine can be 
given during methoxyflurane administration 
without signs of myocardial sensitization. 
In support of even a protective role for 
methoxyflurane are the observations of 
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Artusios group! and of McCaffrey and 
Mate,’ that “abnormal rhythms” in a num- 
ber of patients reverted to normal with the 
introduction of this agent, althougk the 
types of arrhythmias were not specified. In 
contrast, Jarman and Edghill!^ repor-ed a 
clinical investigation of 221 patiems in 
whom preexisting atrial arrhythmias were 
unchanged by methoxyflurane. 


The assessment of cardiac automaticity in 
this study is based on the phenomenon of 
vagal escape. It is well known that imu- 
lation of the vagus nerves with the appro- 
priate voltage and frequency will produce 
arrest of the sinus node. At this point, fibers 
lower in the conducting system of the a3eart, 
which possess the ability to depolarize spon- 
taneously, will do so, and that area with 
the fastest rate of spontaneous depohriza- 
tion will assume the role of pacemaker. The 
rate of spontaneous depolarization is influ- 
enced by circulating substances as well as 
local factors and is an index of the sta-us of 
the automatic or pacemaker tissues cf the 
heart. 

METHODS 

This study was conducted on 48 mengrel 
dogs weighing 12.7 (+ 1.8 SD) kg anesthe- 
tized with pentobarbital sodium (44 mg/kg) 
IV. Polyethylene cannulas were inserted 
into a femoral artery and vein. The venous 
cannula was used for the introduction of 
drugs and fluid maintenance. The arterial 
cannula was attached to either a Stetham 
P23A or a Sanborn 267BC transducer to 
measure arterial pressure. Blood samples 
were obtained periodically for determina- 
tion of Pao», Paco», and pHa. Animals were 
ventilated through a cuffed endotracheal 
tube with a Bird Mark 4 respirator at 
Fro, = 1.0. Minute ventilation was ad 3sted 
to maintain a pHa of approximatel- 7.4. 
Rectal temperature was maintained at 38 to 
39? C. Electrocardiograms were recorded on 
either a Grass Model 5DWC1 polygraph or 
a Sanborn model 7700 multichannel record- 
er. 


Through a ventral midline neck inasion, 
the vagus nerve was dissected free cf the 
carotid sheath bilaterally, divided, ane cov- 
ered with mineral oil to prevent drying. The 
distal end of the right vagus was stimvlated 
by bipolar electrodes, using a Grass S-4 
stimulator or a battery-powered stimalator 
unit prepared specifically for this ser es of 
experiments.* The frequency setting: and 





*This unit was designed to deliver a constast cur- 
rent of up to 6 ma at 40 cps, with an impulse 
duration of 5 msec. 
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determination of supramaximal voltage were 
by the method of Srinivasan and Balwani.!! 


The period of stimulation was 40 seconds, 
and a minimum of 5 minutes was allowed 
for recovery between successive trials. Vagal 
escape time was defined as the time in sec- 
onds from the onset of stimulation to the 
1st ectopic beat, and the escape rate in beats 
per minute (bpm) was the rate of this ec- 
topic foeus at the end of 40 seconds of 
stimulation. 


Vagal escape time and vagal escape rate 
were determined in 6 groups of 8 dogs: 


Group I: Unpremedicated animals, ex- 
posed to 30 minutes of 2-MAC (0.33%) 
methoxyflurane. 


Group II: Unpremedicated dogs, exposed 
to 3-MAC (0.5%) methoxyflurane for 30 
minutes. 


Group III: Pretreated with reserpine (0.1 
mg/kg/day, IP) for 2 days prior to expo- 
sure to 30 minutes of methoxyflurane. 


Group IV: Given a beta-blocking agent, 
AY 21-011 (Practolol®) (0.75 mg/kg IV), 
10 minutes before administration of 0.33 
percent methoxyflurane. 


Group V: Controls, given either reserpine 
or AY 21-011 pretreatment without expo- 
sure to methoxyflurane. 


Group VI: Response determined to ace- 
tylcholine (0.1 mg/kg) injected via venous 
catheter into the right atrium before and 
during exposure to 30 minutes of 0.33 per- 
cent methoxyflurane. 


Data were analyzed for statistical signifi- 
cance by Student's t-test. 


RESULTS 

A 30-minute exposure to 0.33 or 0.5 per- 
cent methoxyflurane produced a significant 
decrease in heart rate (table 1). The differ- 
ence in the degree of slowing between the 
2 anesthetic concentrations was not signifi- 
cant “p>0.05). Table 1 alse demonstrates 
the dose-dependent hypotension produced 
by methoxyflurane. While both anesthetic 
concentrations produced a significant reduc- 
tion in mean arterial pressure (MAP), that 
produced by 0.5 percent was significantly 
greater (p<0.005) than that produced by 
0.33 pereent. 


Table 2 illustrates the effect of 0.33 per- 
cent methoxyflurane on ventricular escape 
time (VET) and ventricular escape rate 
(VER) im the 10 animals which manifested 
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TABLE 1 


Effect of Methoxyflurane on Heart Rate and Blood Pressure 
Heart Rate (beats min`!) 


Number Control Methoxyflurane Mean A 
Methoxyflurane 0.33% 11 162.7 + 9.4 141.2 + 7.9 21.5 Sp" 
Methoxyflurane 0.50% 6 158.3 + 13.4 129.3 + 8.0 29.0 + 6.91 
MAP (torr) 
Methoxyflurane 0.33% 11 126.2 + 8.1 94.5 + 8.8 SLT x 8.55 
Methoxyflurane 0.50% 6 144.5 + 7.3 52.3 = 10.6 92.2 + 16.08 
*p« 0.001. 
*p«O0.01. 
tp<0.025. 
§ p<0.005. 
TABLE 2 


Effect of 0.33% Methoxyflurane on Ventricular Automaticity 


Experiment Ventricular escape time, sec 
number 


Control Methoxyflurane 


6-27 32.9 22.3 

6-23 5.0 0.6* 

6-7 13.0 12.7 

6-6 34.0 27.4 

5-31 14.4 2.4* 

5-25 13.3 11.3 

2-8 12.3 16.9 

2-7 23.1 17.4 

2-1 2.3 0:7" 

1-27 14.7 2.24 
Mean A 

= 

p>0.05 


*Supraventricular escape time. 
T:Supraventricular escape rate. 


this phenomenon. VET varied a great deal 
between animals in the control period. 
Mean VET change was a shortening of 3.4 
+ 2.2 seconds, which was not statistically 
significant (p»0.05). The VER showed the 
same type of variation, with slowing of the 
escape focus in some animals and an in- 
creased rate in others, but with a mean 
change of practically zero. 


Table 3 shows the effect of acetylcholine 
(0.1 mg/kg) injected into the right atrium 
before and after exposure to 0.33 percent 
methoxyflurane. As with vagal stimulation, 
the period of asystole was not shortened to 
a statistically significant degree under the 


Ventricular escape rate, beats min-! 


A Control Methoxyflurane A 
10.6 38 19 19 
— 11 687 -— 

0.3 35 40 —5 

6.6 16 8 8 
-— 45 667 -— 

2.0 25 34 —9 

—4.6 54 64 —10 

5.7 20 24 —4 
— 36 877 -— 
-— 45 703 — 

—0.17 
+ 4.6 
p>0.05 


influence of methoxyflurane. There was no 
clear pattern of atrial activity during asys- 
tole in these animals. 


During the administration of the anes- 
thetic, ectopic atrial activity, as manifested 
by the appearance of the P waves, began to 
emerge during vagal stimulation in almost 
all dogs. In some cases, these supraventricu- 
lar beats were conducted through the atrio- 
ventricular (AV) node, and in others, AV 
block appeared to remain intact. Forty per- 
cent of the dogs exposed to 0.33 percent 
methoxyflurane failed to show any ventricu- 
lar escape by the end of the 30-minute 
period. 


Ventricular Automaticity ... Warren and Morsow 


TABLE 3 


Asystole Produced by Acetylcholine 
(0.1 mg/kg) Before and After Exposure 
to 0.33% Methoxyflurane 


Experiment Asystole, sec 


number Control Methoxy' urane 
7-26 6.5 a8 
7-27 8.5 29 
7-31 4.4 C 
8-3 5.4 a 1 
8-29 8.7 &4 
9-1 4.3 LT 
9-8 6.9 &0 
8-11 4.1 «0 
Mean 6.1 4.9 
OT «L2 
p>0.05 





Upon vagal stimulation in this grot p, the 
asystolic period was extremely short «r non- 
existent and all escape beats were supraven- 
tricular. The rates of these supravent-icular 
foci were greater than the VER ane were 
approximately one half the sinus rates in 
these dogs before stimulation. 


Table 4 shows the results from the & other 
animals exposed to 0.5 percent methoxyflu- 
rane. The control values for both VET and 
VER were comparable to those of tke pre- 
vious group, but here all escape beats at 30 
minutes were supraventricular and am asys- 
tolic period was almost nonexistent. 


Figure 1 shows the changeover time in the 
number of ventricular and supraventricular 
beats in the 40-second stimulation per:od for 
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all dogs receiving 0.33 percent methoxyflu- 
rane. While the number of ventricular es- 
capes fell somewhat at first and then leveled 
off, the number of supraventricular escapes 
steadily increased over the 30 minutes. 


With 0.5 percent methoxyflurane, the 
number of ventricular escapes fell to zero, 
while the number of supraventricular es- 
cape beats increased from near zero during 
control to more than 50 by the end of anes- 
thetic exposure (fig 2). 


Figure 3 shows the effect on escape beats 
of reserpine (0.1 mg/kg) pretreatment for 2 
days before administration of 0.33 percent 
methoxyflurane. The number of ventricular 
escape beats decreased very slightly and the 
number of supraventricular escape beats in- 
creased slightly from control. A similar pat- 
tern is seen in figure 4, which shows the 
results in a group which received AY 21-011 
(0.75 mg/kg) 10 minutes before administra- 
tion of 0.33 percent methoxyflurane. 


Recordings from 12 dogs, using the His 
bundle electrogram technic of Scherlag and 
associates,!2 showed that isolated supraven- 
tricular discharges during the stimulation 
period when there was no evidence of ven- 
tricular activity were almost invariably dif- 
ferent in configuration from sinus P waves 
(fig 5, 6). There were also instances in 
which apparent atrial activity was followed 
by a ventricular discharge but with no in- 
tervening His bundle potential (fig 7). This 
would indicate that the AV block from vagal 
stimulation was still intact and that the 
atrial and ventricular discharges were inde- 
pendent events. There were also instances 
in which the entire atrial-His-ventricular 
complex was present and was much like the 
prestimulation configuration except for a 


TABLE 4 
Effect of 0.50% Methoxyflurane on Ventricular Automaticity 


Experiment Ventricular escape | me, sec. 


Ventricular escape rate, beats min-! 


Re M SS 


number Control Methoxyflurane 
1-25 17.5 0.5* 
1-21 29.9 0.5* 
1-20 17.0 2,0* 
1-13 30.2 A 
1-12 9.7 1.0* 
1-7 12.0 0.5* 


A Control Methoxyflurane A 
s 25 1154 = 
-— 31 1291 = 
- 41 783 E 
e t 78+ = 
= 57 824 "s 
TM 44 56+ - 


nn 


*Supraventricular escape time. 
TSupraventricular escape rate. 
tOnly 1 escape beat in stimulation period. 
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Fig 1. Effect of exposure to 0.33% methoxy- 
flurane on number of ventricular escape beats 
(VEB) and supraventricular escape beats (SVEB) 
in dogs during 40 seconds of vagal stimulation. 
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Fig 2. Effect of exposure to 0.5% methoxyflurane 
on number of VEB and SVEB in dogs during 40 
seconds of vagal stimulation. 


marked degree of atrial-His prolongation 
(fig 8). 


DISCUSSION 


Available data concerning methoxyflurane 
effects on cardiac pacemaker tissue is based 
upon in-vitro experiments. In one such 
study,!? the effect of this anesthetic on the 
SA node was seen to be biphasic, an initial 
acceleration followed by a negative chrono- 
tropic response. Concentrations of methoxy- 
flurane as low as 0.5 percent have been ob- 
served to frequently cause arrest of electri- 
cal activity in the sinus node, and this effect 
was consistently seen with 1-percent con- 
centrations.‘ This arrest of activity was 
not preceded by progressive slowing of the 
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Fig 3. Effect of exposure to 0.33% methoxy- 
flurane on number of VEB and SVEB during 40 
seconds of vagal stimulation in dogs pretreated with 
reserpine (0.1 mg/kg X 2 days). 
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Fic 4. Effect of exposure to 0.33% methoxy- 
flurane on number of VEB and SVEB during 40 
seconds of vagal stimulation in dogs given AY 
21-011 (0.75 mg/kg) 10 minutes before anesthetic. 


rate of sinus discharge but was associated 
with a progressive reduction in maximum 
diastolic potential, an increase in threshold 
potential, and a reversible loss of excitabil- 
ity. 

Sinus arrest has also been observed in 
intact animals with 1 percent methoxyflu- 
rane. Since it is known that fibers in vari- 
ous parts of the SA node display differing 
Sensitivities to certain drugs,!^ it is reason- 
able to postulate a similar response to anes- 
thetics. This could form the basis for the 
clinically observed shift in pacemaker site 
as progressively more areas of the node be- 
come electrically inactive. The status of the 
AV node is noted to be normal even after 
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Fie 7. His-aundle r 'cording during vagal stimula- 
tion ard exporure to 0.336; methoxyflurane, showing 
atrial and ventricular activity but no intervening 
His-bundle pctential. A = atrial; V = ventricular. 
Paper speed = 250 mm/sec. 


H 








Fic 5. His-bundle recording from dog in -cntrol 
period before vagal stimulation. A = ial, E = His 
bundle, V = ventricular activity. Top tracing is 
lead II ECG. Paper speed = 250 mm/sec. 





Fie 8. His-2undle recording during vagal stimula- 
tion and expssure to 0.3364 methoxyflurane, show- 
ing an entire atrial-His-ventricular (A-H-V) com- 
plex. Note atrial-His prolongation compared with 
figure 5, Paper speed = 250 mm/sec, 














+ 


cessation cf activity in the sinus fiber 
However, zt a concentration of 2 percent 
methoxyflu-ane, it. also undergoes an initial 
acceleratiom, followed by arrest within 15 





. Fie 6. His-bundle recording during vaga! stimu- ; 
lation and exposure to 0.3365 methoxyflurane, show- Minutes. 

ing atrial activity apparently of nonsirus crigin. . 

Note absence of ventricular activity in ECG at One stud /!* contrasted the effects of meth- 


top. Paper speed = 250 mm/sec. oxyflurane with those of halothane upon 
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Purkinje fibers. While halothane decreased 
the rate of phase-4 depolarization and an- 
tagonized the stimulatory actions of epi- 
nephrine and ouabain on this tissue, meth- 
oxyflurane increased the rate of phase-4 
depolarization and potentiated the actions 
of epinephrine. 


Since the autonomic control of the heart 
involves a balance of sympathetic and para- 
sympathetic influences, the increase in 
atrial activity could be due to an alteration 
in this equilibrium. The possibility has 
been entertained that there might be a de- 
crease in cardiac muscarinic activity of the 
vagus upon exposure to methoxyflurane. 
McCaffrey® has shown, however, that the 
bradycardia he encountered clinically with 
this anesthetic agent could be reversed with 
atropine, thus indicating that the vagal ef- 
ferent activity was still intact. 


The fact that we saw the same slight 
shortening of the asystolic period with in- 
jected acetylcholine as with vagal stimula- 
tion also implies that the efficiency of the 
stimulation as such was probably not im- 
paired. Further doubt is cast on the impor- 
tance of a reduction in parasympathetic 
control by the His bundle recordings show- 
ing that much of the atrial activity during 
the stimulation period was not of sinus ori- 
gin. 


The possibility exists that the hypoten- 
sion produced by methoxyflurane could 
cause enough adrenergic discharge to bring 
about the observed phenomenon. Logie and 
Morrow,'® however, observed no such prom- 
inent effect with halothane, even though 
they reported blood pressure changes entire- 
ly comparable to those we saw with the 0.33 
| percent methoxyflurane, employing the 

-same procedures. 


The effects observed in this study could 
also presumably be due to an increase in 
circulating catecholamines, except that 
Millar? and North? reported no significant 
-changes in plasma levels of these substances 


= with methoxyflurane. The blocking of the 


increased atrial activity with reserpine and 
AY 21-011, however, would seem to indi- 
cate that there is some component of in- 
creased adrenergic activity involved. 


The reported influence of methoxyflurane 
on the electrophysiology of individual car- 
diac fibers was reviewed earlier in this 
paper. While there is an increase in the rate 
of diastolic depolarization in in-vitro Pur- 
kinje tissue and a biphasic effect on the SA 
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node, there are no data on other parts of 
the atrial conducting system in the intact 
animal. 


In conclusion, 0.33 percent methoxyflu- 
rane produced a very slight decrease in VET 
and essentially no change in VER in the 
intact heart of the pentobarbital-anesthe- 
tized dog. At 0.33 percent, and increasingly 
at 0.5 percent, methoxyflurane produced evi- 
dence of atrial activity during vagal-induced 
asystole. A major part of this activity ap- 
peared not to be of sinus origin and was 
suppressed by adrenergic-blocking drugs. 


It therefore seems appropriate to con- 
clude that in the pentobarbital-anesthetized 
dog, methoxyflurane either increases the au- 
tomaticity of some areas of the atrial con- 
ducting system or renders these areas more 
susceptible to the prevailing level of back- 
ground adrenergic activity. 
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EARLY EXTUBATION. Twenty-eizht patients with congenital heart disease (average 
age 15.2 months) underwent surfa.e cooling to 28°C rectally during nitrous oxide- 


halothane anesthesia and pancuronium paralysis. 


Suksequent cooling to 16-20°C 


rectally was accomplished with cardsopulmonary bypass. At the conclusion of operation 
11 of 22 surviving patients were ex-ubated in the operating room and 5 others in the 
recovery room within 70 minutes. Only 5 required mechanical ventilation and 4 of 
these were extubated within 24 hours. Criteria for extubation were 1) cardiovascular 
and pulmonary stability, 2) adequace level of consciousness, 3) tidal volume greater 
than 6 ml/kg, 4) vital capacity (i possible) 12-18 ml/kg, 5) negative inspiratory 
force greater than —20 em HO anc 6) satisfactory arterial blood gases during spon- 
taneous ventilation. The authors corclude that the use of surface-induced hypothermia 
with cardiopulmonary bypass and crculatory arrest diminished the need for mechani- 
cal ventilation. (Barash PG, Berman MA, Stansel HC et al: Markedly improved pul- 
monary function after open heart sw-gery in infancy utilizing surface cooling, profound 
hypothermia and circulatory arrest. Am J Surg 131:499-503, 1976) 


202 


ANESTHESIA AND ANALGESIA... 





Current Researches Vou. 56, No. 2, MARCH-APRIL, 1977 


Further Studies of Manually Operated 
self-Inflating Resuscitation Bags 


EDWARD CARDEN, MA, MB, BChir, FRCP(C)* 
DIANA FRIEDMAN, ARRTT 


Four resuscitators were tested, of which three 
had recently been improved by the manufac- 
turers (Danish-made Ambu, Air Bird, Laerdal 
Resusci 2), and one was new (Hope 2). All 
functioned well at extremes of temperature 


Ib A RECENT article! in this Journal, 8 re- 
suscitators were tested and showed a 
great variation in all aspects of function. 
This report describes tests of 4 resuscitators, 


.. one of which was not tested earlier, the 
-° Hope Resuscitator Mark 2 (fig 1), and three 
of which have been recently improved by 
: the manufacturers, the Laerdal Resusci 2 


(fig 2), the Danish Ambu Resuscitator (fig 


` ^. 8) and the Bird Resuscitator ( fig 4). Two 


samples of each were provided by the manu- 
facturer. Those in the "recently improved" 
category differed from earlier models in the 
following details: 


"The Laerdal has a new O; intake system 


E consisting of a thin-walled plastic bag con- 
. nected to the intake of the resuscitator by a 
. small bi-valved device, which allows room 


. air in or excess O. out, depending on O, 


= flow. 


The Ambu is fitted with an air intake 
valve similar to that on the pediatric Ambu, 
allowing application of an O, reservoir to 
the resuscitator rather than having the O, 
fed directly into the bag, which can be a 
hazard.! 


The Bird now has a new type of inflating 


and all would deliver 100 percent O2 to the 
patient. All are essentially vice-free and rep- 
resent great steps forward in resuscitator de- 
sign. 


valve incorporating a locking ring to keep 
the 2 parts of the valve together. The model 
tested is an optional variation of the stand- 
ard bag, and was made of room-temperature- 
vulcanized silicone rather than of polyvinyl- 
chloride (PVC). 


EXPERIMENTAL METHODS 


Experimental methods were virtually the 
same as those described earlier,! except that 
the type of O, analyzer was changed from 
an IBC to an Ohio Model 200. 


We tested the O. concentrations delivered 
while ventilating the test lung with tidal 
volumes of 600 and 900 ml at a rate of 12 
or 20 times/min (fig 5). Also measured was 
the effect of hot and cold temperatures on 
the bag and the effect of mucus on the in- 


flating valve. The maximum tidal volumes 


delivered with 1 hand and 2 hands were 
measured, as was the maximum pressure de- 
veloped against infinite resistance. The vol- 
ume of the inside of the bag and the size of 
the reservoir (if one was fitted) was meas- 
ured. The presence or absence of a safety 
valve was noted, as were the type of O, 
entrainment system, type of inflating valve, 
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Fic 1. Hope 2 Resuscitator showing: (A- inflating valve; (B) self-inflating bag; (C) O, entrainment 
valve (O, connection nipple not visible); D) connection to fit into C; (E) reservoir tube. 


A -B 
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Fig 2. Laerdal Resusci 2 Resuscitator showing: (A) mask; (E) inflating valve; (C) self-inflating bag; 
(D) air-intake/O, dump valve; (E) O, nippee; (F) reservoir bag. 





Fig 3. Ambu Resuscitator showing: 
nection for O,; (E) reservoir tube. 


| 


(^9 valve; (B) self-inflating bag; (C) 





air-intake valve; (D) con- 
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Fic 4. Bird Resuscitator showing: (A) new valve; (B) locking ring; (C) nipple for O, line; (D) silicone 
selfinflating bag; (E) reservoir tube; (F) valve for admitting air; (G) reservoir bag; (H) old valve (for 








comparison). 
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Fic 5. Graphs showing O, concentrations delivered experimentally with varying amounts of O, flow and 


varying ventilation patterns. 


and type of bag material. The last facet of 
the study was the ease of cleaning and ster- 
ilization, which was graded on a scale of 1, 
least easily, to 4, most easily serviced. Re- 
sults are summarized in the table. 


FURTHER DETAILS 
The Ambu bag is unchanged except for 


its new intake valve, which has eliminated 
sticking of the inflating valve in the inflat- 
ing position and allows 100 percent O, to be 
delivered satisfactorily with the reservoir 
tube we used, a standard 90 cm length of 
lightweight 2.5-cm diameter aerosol tubing 
with a volume of 375 ml. The reservoir tube 
can be coiled to minimize cumbersomeness. 
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The Laerdal has been changed in 1 facet 
only. A new reservoir system has been in- 
corporated, in which a lightweight PVC bag 
is connected to the intake manifold via a 
connector containing 2 mushroom valves, 
allowing air to be drawn in or excess O, to 
leak out, as necessary. This is a very effi- 
cient yet compact reservoir system and is 
a definite improvement over the long piece 
of corrugated plastic tubing used earlier. 
The major drawback of this unit is the ten- 
dency for the components to fall apart in 
use or to be lost during cleaning (there are 
approximately 14 parts). The reservoir bag 
is also difficult to dry. It still, however, is 
the only unit tested that has the advantage 
of permitting a spontaneously breathing pa- 
tient to draw his inspired gas from the bag 
rather than breathing room air. 


The Hope 2 is a redesigned Hope Resusci- 
tator. The bag is of the same material and 
retains the same characteristic square shape, 
but the inflating valve has now been changed 
from a spring-loaded sliding disk valve to 
a spring-loaded oval ball valve. This has 
minimized the former tendency of the valve 
to stick in the inflating position when damp. 
The O., entrainment system is also new and 
is now located on the tail of the bag rather 
than next to the inflating valve, as in the 
earlier version. It is available with or with- 
out a magnetic pressure-relief valve, similar 
to the valve on the earlier model. It can be 
used with or without an elephant hose-type 
reservoir, but with it, it delivered 100 per- 
cent O», a distinct improvement! The ele- 
phant hose is rather heavy and cumbersome, 
making the bag more difficult to use; the 
manufacturer may wish to lighten it some- 
what. It is also difficult to dry because it 
cannot be attached to a standard tube-dryer 
coupling. 


The new Air Bird is a more expensive 
version of the model tested earlier. It is 
made of room-temperature vulcanized sili- 
cone designed to function well at low tem- 
peratures. This it does!! (The earlier PVC 
version became solid at 0° F.) The new ver- 
sion incorporates the latest type of inflating 
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valve, with a locking ring to hold the valve 
parts together. (These tended to fall apart 
during use, in the earlier model.) Function 
and O.-delivering capacity are essentially 
unchanged, and it is still rather cumbersome 
because of excessive length when the O, 
reservoir is attached. 


DISCUSSION 


Two methods of O, enrichment were in- 
corporated in the units tested. As has been 
found in the past, when O, is merely blown 
around the intake valve (Bird, Hope 2) low 
O, concentrations are delivered. When a 
reservoir is used, a much higher concentra- 
tion is obtained. None of these bags delivers 
O., directly into the bag. 


No bag tested was affected to any degree 
by variations in temperature or by mucus 
on the inflating valve. The main reason for 
this would seem to be that none of these 
resuscitators have the sliding-disk style of 
inflating valves, which have been noted in 
the past to stick in the inflating position 
when damp. 


CONCLUSIONS 


All resuscitators tested were capable of 
delivering 100 percent O., all could be used 
at high and low temperatures, and all worked 
without any malfunction of the inflating 
valve. They were essentially vice-free and 
represent the results of improvements in re- 
suscitators by manufacturers, perhaps as a 
result of articles of this type. 
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e cardiac arrhythmicity of epmephraie and 


during ‘approximate equivalent levels df halo- 
ane, enflurane, methoxyflurane, amd flurox- 
ene anesthesia. The arrhythmic threshcéid dose 
<. for epinephrine and dopamine was sign&icantly 
= (p«*0.05) reduced during halothane anesthesia 
when compared to values determined ir awake 
animals. Enflurane anesthesia had no signifi- 
cant affect on the arrhythmic thresho<d dose 
for either catecholamine. However, methoxy- 
flirane and fluroxene anesthesia signkicantly 
(p<0.05) elevated the arrhythmic threshold 


Dor a natural catecholamine, has 
"E. been suggested for treatment o? myo- 
-cardial depression and hypotension associ- 
ted with the use of inhalation anestketics.! 
Infusion of dopamine significantly increases 
: myocardial contractility and cardiac eutput, 
“with little or no change in peripheral vascu- 
lar resistance.? While there have beer: many 
demonstrations that the catecholamir=s epi- 
nephrine and norepinephrine can evoke seri- 
ous cardiac arrhythmias when admin stered 
in combination with some halogema:ed in- 
halation anesthetics, there is reason to be- 
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dose f or dopamine. Epinephrine produced great- e 
ations in mean arterial pressure than 
dopamine with all anesthetics except enflurane, 
and dopamine produced significantly (p«0.05) 
higher heart rates in the awake animals a 
those anesthetized with halothane and enflu- 
rane.  — "m 
The authors conclude that, in terms of E S 
mic potential, there is no advantage in the use 
of dopamine rather than epinephrine for the 
reversal of halothane-induced myocardial de- 
pression during halothane or enflurane: anes- 
thesia. - 
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= by implanting femoral artery and venous 
catheters under halothane anesthesia. The 
catheters were exteriorized on the back of 
each animal and sutured in place. After the 
procedure, the animals were permitted to 
recover for approximately a week before 
study. Each animal was then studied awake 
or during halothane, enflurane, methoxyflu- 
rane, or fluroxene anesthesia. The sequence 
of epinephrine or dopamine testing and the 
anesthetic employed was randomized for 
each animal. Only 1 test per day was per- 
formed on any animal, either dopamine or 
epinephrine being tested with a single anes- 
thetic or in the awake state. 


The arrhythmic threshold dose for epi- 
nephrine and for dopamine was derived by 
mathematical interpolation from the dose 
that produced at least 2 or more premature 
ventricular contractions and a lower dose 
which did not produce arrhythmia. The 
lower dose was purposely adjusted so that 
it was always below the arrhythmogenic dose 
by 0.5 „g/kg for epinephrine or 0.5 mg/kg 
for dopamine. For example, if 10 „g/kg 
epinephrine produced arrhythmia while 9.5 
„g/kg did not, the arrhythmic threshold 
dose was taken to be 9.75 „g/kg. Each 
drug was dissolved in 5 ml of saline solution 
and administered over a period of 1 minute 
by a constant-rate infusion pump. An inter- 
val of at least 15 minutes was permitted be- 
tween each administration to allow for the 
return of blood pressure and heart rate to 
approximate preinjection values. Generally, 
determinations of arrhythmic threshold re- 
quired 6 to 8 administrations. 


Anesthetics were administered via a cuffed 
tracheal tube in 100 percent O». Ventilation 
was assisted by an Ohio ventilator without 
the aid of muscle relaxants. Inflow concen- 
irations, maintained constant for 45 min- 
utes, were: 

. halothane, 0.75% 


~ enflurane, 1.7% 


l "methoxyflurane, 0.2% 
| fluroxene, 3.4% 


Arterial blood anesthetic concentrations 
were determined by gas chromatography as 
described by Lowe,* at which time the dose 
of epinephrine was tested. Arterial blood 
anesthetic concentrations were then con- 
verted to ideal percent alveolar tension by 
the formula: 

25.4 x C 


Mw xa’ Where— 


% alveolar tension = 
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25.4 = ml/mM of an ideal gas at 1 std atm; 
C = mg % concentration of anesthetic in 
blood; MW = molecular wt of anesthetic; 
à = bloed/gas partition coefficient. 


Blood/gas partition coefficients used were 
those for humans, as compiled by Eger.® 
Lead II of the ECG recorded cardiac rate 
and rhythm. Arterial blood pressure was 
continuously monitored throughout each ex- 
periment. Mean arterial blood pressure 
(MAP) was derived by electronic integra- 
tion of the phasic pressure. Significance of 
data was determined by one-way analysis 
of variance. 


RESULTS 


The arrhythmic threshold doses for both 
epinephrine and dopamine were significant- 
ly (p« 6.05) reduced in the halothane-anes- 
thetized animals when compared to awake 
values :table 1). The mean reduction for 
epinephrine was 54 percent and for dopa- 
mine, 63 percent (p« 0.05). Enflurane did 
not produce any alteration in the arrhythmic 
threshold doses for either epinephrine or 
dopamine. The threshold dose necessary to 
produce arrhythmia with methoxyflurane 
and fluroxene following dopamine was sig- 
nificantly elevated above awake levels. 


The effect of epinephrine and dopamine 
infusion on heart rate and MAP varied, epi- 
nephrine producing significantly (p<0.05) 
greater elevations in MAP than dopamine 
during all experimental situations except 
with enflurane. Dopamine produced signifi- 
cantly greater heart rates in the awake state 
and during halothane and enflurane anes- 
thesia than epinephrine but had effects simi- 
lar to those with epinephrine during meth- 
oxyflurane and fluroxene anesthesia. 


Average blood concentrations for each an- 
esthetic for all tests are shown in table 2. 
Paco, levels were maintained between 29 
and 45 torr in all experiments. 


DISCUSSION 


The eardiovascular response to various 
catecholamines during anesthesia may differ 
according to the inhalation anesthetic used. 
We found that epinephrine produced a sig- 
nificantly greater pressor response than do- 
pamine during methoxyflurane, enflurane, 
and fluroxene anesthesia in concentrations 
approximately equivalent to human MAC 
values. However, more dopamine was re- 
quired to precipitate arrhythmia in animals 





Arrhythmic Doses .. . 





1 


Heart Rates, and Mean Arterial Blood 


Mean = SD Arrhythmic Doses, ni 
Pressures (MAP) During Dopamine and Epinephrine Infus 





ion in 10 Goats 





Dopamine* 


Epinephrine* 


Control 


TR aR tt RARER a nen a a e i ten AE rm eri AP AN aa a arra a area velare 


MAP, torr 
133 + 25 
121 + 26 
140 + 18 
135 + 35 
136 + 33 


xis —— ——— cB ANNIE A SEALS STELLAR CR OC 


Arrhythmic 
dose, mg/kg 
Lit 10 


Heart rate 


Arrhythmic 
dose, pg/kg 
11.1 + 6.5 


MAP, torr 
94 


Hecrt rate, 
bpm 








101 + 511 
169 + 337 


154 + 417 
143 + 33 


62 + 28 
138 + 25 
131 + 34 
155 + 18 
a. 


12 
+ 15 


= 


115 + 20 

120 + 19 

111+ 21 

120 + 14 
Mrd RS 


Awake 
Fluroxene 


0.6 + 0.41 


5.1 + 2.71 
11.1 + 5.6 


86 


Halothane 
Enflurane 


162 + 247 
141 + 42 
130 + 27 


AY Gin es A 


170 + 147 


17 
88 + 24 


um 


84 


Zahed, et al 


3.0 + 2.11 


154 + 15+ 


16 + 8.1 


Methoxyflurane 


3.2 + 1.61 


Hoi 


= 


Bedi teria aig itt. 


+ 5.8 


*Ilouib iub aad MAP vuluüvo luuucdlately bulurc wiiliy tinkik 


Significant difference between epinephrine and dopamine values: p<0.05. 


{Significant difference from awake values: p<0.05. 
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TABLE 2 
Calculated* Mean (2- SD) Alveolar 
Anesthetic Concentrations (Percent) During 
Epiph and Dopamine Infusion 





3 Epinephrine Dopamine 
Halothane 0.68 +0.18 — 0.75 + 0.16 
Enflurane 1.01 2- 0.81 . 1.67 + 0.51 
Methoxyflurane 0.19 0.04 — 017004. 
Fluroxene 297+ 0.6 3.580. 74 : 





"Calculated from arterial concentrations; n: EX : 10. 


under methoxyflurane and fnoxena:: anes- 
thesia than in awake animals. 





o? the anesthetics tested, the ethers, en- 
flurzne, methoxyflurane, and fluroxene, did 
not sensitize the heart to catecholamine ar- 
| mias. Only the halogenated hydrocar- 
, halothane, lowered the arrhythmic 
threshold doses for epinephrine and dopa- 
mine. Similar observations have been made 
by others.? Katz and Epstein,’ by pooling 
results from various studies in dogs, found 
the following order of decreasing sensitiza- 
tion: trichloroethylene, ethyl chloride, cy- 
clopropane, halothane, chloroform, meth- 
oxyflurane, and fluroxene. Enflurane would 
appear to have the least affect on. the ar- 
rhythmic threshold dosages for both epi- 
nephrine and dopamine when compared to 
awake doses. Indeed, awake values and en- 
flurane. anesthesia values were almost iden- 
tical. . 


Data from this study indicate that there 
is no particular advantage in the use of 
dopamine in preference to epinephrine. for 
the reversal of halothane-induced cardio- 
vascular depression, since both catecholam- 
ines produce equivalent effects on MAP and 
reduce arrhythmic threshold dosages. How- 
ever, de 








the cardiovascular system, 
study concerning the relative effectiveness 
of epinephrine and dopamine in reversing 
myocardial depression can be considered 
only speculative. A definitive evaluation, in- 
cluding some measure of heart work and 
myocardial O, consumption as affected by 
dopamine and epinephrine during halothane 
anesthesia, is needed before a final conclu- 
sion can be reached. 





The mechanisms died which some 2 volatile 


pite the fact that MAP and heart _ 
rate are useful for evaluating the status of .. 
results from this ^. 
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catecholamine arrhythmia has been the sub- 


ject of numerous reports and review arti- 
cles.!:3.7.5 Heart rate,” blood pressure,!? con- 
duction defects,!!!? plasma potassium,!? 
and anesthetic employed all appear to influ- 
ence the threshold for catecholamine-in- 
duced cardiac arrhythmias during anesthe- 
sia. Recently, attention has been given to 
anesthetic-induced conduction defects as a 
possible causative factor for anesthetic-cat- 
echolamine cardiac arrhythmias. Zink's 
group!* reported that in the halothane-sen- 
sitized dog heart, subthreshold arrhythmic 
doses of epinephrine would precipitate bi- 
geminal arrhythmias if arterial pressure 
were raised or atrial rate increased. In addi- 
tion, brief periods of accelerated heart rate 
prolonged periods of bigeminy, which sug- 
gests that changes in heart rate may alter 
the electrophysiology of the sensitized myo- 
cardium. These authors believe that halo- 
thane anesthesia predisposes the heart to 
the theoretic conduction defect known as 
reentry upon exposure to sudden increases 
in blood-epinephrine levels. 


Reentry is thought to be the consequence 
of a unidirectional block of conducting tis- 
sue which forces the normal impulse to trav- 
erse a slower conduction path around the 
blockage, thus delaying the excitation of 
tissues beyond the block. It should be point- 
ed out that the evidence for reentry is en- 
tirely circumstantial; thus it would seem 
inappropriate to construe all cardiac ar- 
rhythmias seen during anesthesia as conduc- 
tion defects.!? 


Based upon in-vitro studies by Reynolds 
and Chig,!5 in which the effects of halothane 
and methoxyflurane on the action potential 
in pacemaker fibers were evaluated, meth- 
oxyflurane appeared to be a better candi- 
date than halothane to facilitate cardiac ar- 
rhythmias. Their study demonstrated that 
halothane depresses phase-4 depolarization 


T . and antagonizes the stimulant activity of 
5 -epinephrine on Purkinje fibers, while meth- 


oxyflurane produces exactly opposite effects. 

n-a related study, the effect on action po- 
tentials by cyclopropane was more like that 
of. methoxyflurane than that of halothane.!? 
However, as was discussed earlier, epineph- 
rine-indu ed arrhythmia is far more likely 
to occur with ‘cyclopropane and halothane 
than. with methoxyflurane. 


-Clearly , more work is necessary to eluci- 
l date tl mechanisms underlying the genesis 
of cardi ic arrhythmias associated with in- 
halation anesthetics. | 
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.. Intravenous diazepam was administered to 4 
.— groups of 35 patients as a surgical premed:cant, 
-© double blind and according to a rancomized 
sequence. Four dosages were used: 2.5 5, 10, 
d 20 mg. Amnesia, relief of anxiety. seda- 
,.and patient acceptance were pr'marily 
aluated. While a significant linear dose effect 







» IAZEPAM is one of the drugs mcst fre- 

o 7 quently used for surgical premedica- 

ü tion, yet the literature contains fev well- 
designed, controlled studies yielding cuan- 
titative data regarding this use. We there- 
fore investigated amnesia, relief of aaxiety, 
sedation, and patient acceptance of IW pre- 
medication with diazepam in graded cosages 
by randomized, double-blind sequence. 


METHODS AND MATERIALS 

One hundred forty patients betweer the 
>o. ages of 18 and 65 years were studiec, only 
patients who gave a history of sensitivi:y to 
the benzodiazepines being excluded. No re- 
^Strictions were made on the use of general, 
- regional, or topical anesthesia. Ne patient 

received any other sedative or anaigesic on 

the day of operation. 










Patients were brought to a preep-rative 
holding area in the operating room approxi- 
mately one hour before operation. Infusions 
were started, patients were interviewed, and 
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was found for sedation, anxiety relief, sd pa- 
tient acceptance, this was not true for amne- 












sia, which was clinically present only with 
doses of 10 and 20 mg. No significant adverse 
effects re noted at any dosage, and vital 


signs r mained stable in all patients studied. 


dedia on were administered IV according 
to a double-blind, randomized Latin-square 
sequence. Patients were divided into 4 
groups of 35 persons, diazepam being given 
in group desages of 2.5, 5, 10, or 20 mg. A 
trained nurse observer recorded patient. re- 
sponses throughout the preoperative period 
and 24 hours postoperatively. Patients were 
asked to self-evaluate their anxiety before 
medication as none (0), mild (1+), moder- 
2+), or severe (3+). Immediately 
after diazepam injection, observations were 
made for signs and symptoms of possible 
side effects or sensitivity. | 









Fifteen minutes after adnintetratión: the 
nurse observer, without informing the pa- 
tient, scored the patient's sedation level as 
+, or 4+ improved over his un- 
ted state, 1—, 2—, 3—, or 4—, 
or 0, unchanged. The patient was 
] to score his anxiety level as com- 
pared to is unpremedicated state in a simi- 
lar manner. At this time, the patient was 
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shown, and asked to identify, a memory 
card (a large cardboard picture of a dollar 
bilD. At 30 minutes after injection, those 
patients who had not left for the operating 
room were again evaluated, as at 15 minutes, 
except that no memory card was shown. 


Postoperative observations were made 24 
hours after operation. One of the primary 
reasons for premedication is to relieve sub- 
jective complaints of the patient, e.g., anxi- 
ety. Each patient has individual criteria for 
the efficacy of the premedicant. Thus, the 
patient was asked to rate the premedication 
using his own subjective criteria as poor (0), 
fair (1+), good (2+), or excellent (3+). 
From these data, a patient acceptance score 
mean was computed for each dosage. Patient 
recall was evaluated by asking the patient 
if he remembered the infusion being started 
or recalled being in the operating room, and 
if he remembered being shown a memory 
card. If he did not recollect the card, he 
was shown a composite picture which in- 
cluded the card along with other photo- 
graphs, and asked if he could recognize any 
of the cards. The anesthesia record, recovery 
room records, and postoperative notes were 
checked for surgical or anesthetic complica- 
tions and their possible relation to the study 
drug. 


All quantal responses were transformed 
by ridit transformation.! An advantage of 
the ridit, a nonparametric statistic, is that 
it uses the total number of patients in the 
study as the reference set, all comparisons 
being automatically made within the set. 
These arbitrary classifications acquire a 
value interpretation in terms of probabili- 
ties. For any group, the 95 percent confi- 
dence limits (+ 2 SD) are readily calcu- 
lated, knowing the number (n) of patients 


within the group, by the formula 2 SD = fi 


If the mean of 1 group does not overlap the 
+ 2 SD range of another group, the differ- 
ence is significant to at least p« 0.05. Thus 
for groups of 35 patients, ridit differences 
greater than 0.1 are statistically significant. 


RESULTS 


Patient’s Anxiety Evaluation (table, fig 
1).—The common slope for the 15-minute 
data, drawn through the points (fig 1), 
shows a straight-line dose-effect curve as the 
dose increased from 2.5 to 20 mg. A sig- 
nificant difference exists between doses 
(p<0.05). For the 30-minute observation, 
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there is no statistically significant differ- 
ence between the 2.5 and 5 mg doses but 
the response to 10 and 20 mg appears iden- 
tical to the responses at 15 minutes. Thus, 
the response to 2.5 mg is minimal, and at 
30 minutes the response produced by 5 mg 
appears to have dissipated. 


Nurse's Sedation Evaluation (table, fig 2). 
—'[Dhere is a significant dose-effect curve 
slope (fig 2) in that, as the dose is increased 
from 2.5 to 20 mg, a marked increase in 
response (p« 0.01) is seen. 'The observation 
at 30 minutes for the 5 mg dose falls below 
that for the 15-minute observation, and al- 
though these are not significantly different, 
the line moves in the same direction as the 
patient's self-evaluation for 5 mg at 30 
minutes. 


Patient Acceptance and Effect on Recall 
(table, fig 3).—All patients recalled start- 
ing of the intravenous indicating no retro- 
grade amnesia. For recall of the memory 
card, there was little difference between the 
2.5 and 5 mg doses; however, significant im- 
pairment of recall was noted following 10 
and 20 mg (p«0.05). Lack of recall of the 
operating room which was entered approxi- 
mately one hour after injection was seen 
only with 10 and 20 mg of diazepam, 6% 
and 9925 respectively. For patient accept- 
ance, the range from poor to excellent indi- 
cates that, as the dose was increased from 
2.5 to 20 mg, the percentage of patients re- 
porting the medication to be excellent in- 
creased, whereas the percentage of patients 
reporting the medication to be poor, de- 
creased. There is a significant difference be- 
tween doses (p«0.05); as the dose is in- 
creased, patient acceptance also increased 
significantly (p« 0.01). 


Other Variables.—Mean weight, height, 
and age among all 4 groups are comparable, 
as are the male-female ratio and race distri- 
bution, indicating that the randomization 
procedure adequately balanced these vari- 
ables. It may be assumed, therefore, that 
the randomization also balanced out other 
variables not otherwise controlled in this 
study. 


Side Effects.—No significant side effects 
were ncted at any dosage used. Vital signs 
remained stable following injection. 


DISCUSSION 


The search for the ideal surgical premedi- 
cant is unending. In the early years of an- 
esthesia, the opiates were highy regarded. 
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Summary o Results and Patient Data 


@iezepam dose 


Hn rre tete me mannen re 


pouvu--"-"-——————————————————————— Á m a iaaa ERE Eme Ed 








to recall starting 
ntravenous (at 24 hours) 





E aihe to recall operating 0 0 : 6% 9% 
= room (at 24 hours) oe 





Failure to recall memory 0 3 ho 
card (at 24 hours) E: 


Patient anxiety (15 min) 0.70 
(mean raw score) (30 min) 0.63 
Nurse sedation evaluation (15 min) 0.44 
(mean raw score) (30 min) 0.28 
Acceptance score (24 hour) 1:92 
(mean raw score) 
Patient acceptance (24 hour) 
sU Poor 9 (29%) 
zUFair 6 (19%) 
M < Good 18 (42%) 10 (295%) 
ud Excellent 3 (10%) ( 14 (41%) | 
A Mean age, yr 38.4 38.1 40.7 41.5 : UMS 
Sex M/F 15/20 13/22 14/21 15/20 .— 
Race t D 
White 33 31. 32 32 
Black 2 3- 2 2 
Other 0 t 1 1 


ASA class (I/II) 28/7 30/5 30/5 
68. 68.5 70.3 
= 168.5 171.5 


6 (18%) 
4 (12%) 





Mean weight, kg 





_. Mean height, em 






In 1951, however, Cohen and Beeche-? con- mg), and placebo, administered orally at 
< emned the routine use of narcotics for pre- bedtime the night before and again 90 min- 
- medication in the absence of pain. They utes preoperatively. This dose of diazepam 
- compared 15 mg of morphine and 9.6 mg of proved ‘superior to the barbiturate in allay- 

atropine/70 kg, 90 mg of pentobarbital and ing patient anxiety and in providing seda- 

0.6 mg of atropine/70 kg, and 06 mg of tion. Cormier’s group,! studying meperidine 

atropine/70 kg, given subcutaneousl», con- (100 m DA) versus See p^ mg. IM E 

cluding that the barbiturate provided seda- sigh: dh 

tion equivalent to the narcotic with fewer 
side effects. 











Cohen and Beecher's study, alorz with 

other works, lent credence to the increased 

. use of barbiturates. Development of tae ben- 

zodiazepines i in the 1960s provided aa alter- 

“native to the use of barbiturates and opiates 
e for premedication. 






= m Brandt and Oakes? compared the effects 
of pentobarbital (100 mg), diazepam (20 
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. .. PATIENT'S EVALUATION —— 





Partenr Mocety Scone in Ripits 











5.0 10 
. Bose IN MG (LOG SCALE) 


Fins The mean change in anxiety in ridits 
plo ted s versus - diazepam dosage for 15- and 30- 
inute interviews. The larger the score, the larger 
. the decrease in anxiety. Plotted about each point 

X SD. A line is drawn through the 15-minute 


| Nunst's ÉVALUATION 
| 










6 


“5 


Score tn Rinrrs 










ay) 10 
E IN MG (LOG SCALE) 





: dotted about each point are 2 
drawn th Arenal | the ‘15-minute data. 


premedication. “Both these. me may "be 
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2070 1 PATENT Acceptance 0 O 


5 
45 
Pai AMNESIA 

rid it: 
a | 
eut i i 
z H 
3 | | 
A. Acceptance (28 wr) 





AMNESIA 
En | 


5 5.0 18 20 
Bost iN MG (LOG SCALE) 


Fig 3. Lack of recall (amnesia) based on memory 
of test picture at 24-hour interview plotted versus 
diazepam dosage. Ridit score of 0.45 represents no 
amnesia. Increasing score represents increasing lack 
of recall. Also plotted versus diazepam dosage is 
patient acceptance in ridits, as judged by 24-hour 
interview. Plotted about each point are 2 SD. 


related to poor uptake when diazepam is 
given IM (vide infra). 


The amnesic properties of diazepam have 
been discussed in a number of articles. 
Pandit and Dundee’ found little amnesia 
with a variety of drugs, including diazepam, 
administered IM. They postulated that per- 
haps IV administration might offer greater 
suppression of recall. Pandit and associates,’ 
investigating the incidence of amnesia with 
15 IV premedicants, found good anterograde 
amnesia with diazepam (20 mg), combina- 
tions of narcotics with diazepam or scopola- 
mine (meperidine, 100 mg, or morphine, 15 
mg, with diazepam, 10 mg, or scopolamine, 
0.4 mg) and diazepam (10 mg) with sco- 
polamine. 


In a subsequent study, Dundee and 
Pandit? were unable to observe any retro- 
grade amnesia with a number of intrave- 
nously administered barbiturates or in doses 
of diazepam as large as 1 mg/kg body 
weight. 


Clarke and coworkers!? compared the 
amnesic effect of IV diazepam (0.24 mg/kg) 
versus saline solution. Complex psychologic 
testing conducted over a 2-hour period dem- 
onstrated profound anterograde amnesia for 
approximately 10 minutes and lesser inci- 
dence of recall persisting for 30 minutes 
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TABLE 










Summary of Results and Patient Data 


Diazepam dose 


ae au puns aa AR ARP ar rmm ern e a rrr y er e nay ie rr rir Hr he rr S ta arie i Pr Her A MEAS LÍ atat ptm emunt naa 


















. Mean height, em 


10 mg 20 mg 
do recall starting 0 0 0 0 
venous (at 24 hours) 
; ire to recall operating 0 0 6% 9% 
<o room (at 24 hours) 
Pulfare to recall memory 0 3% 12 3866 
card (at 24 hours) 
Patient anxiety (15 min) 0.70 1.43 2.21 2.86 
(mean raw score) (30 min) 0.63 1.14 2.41 2.97 
Nurse sedation evaluation (15 min) 0.44 1.26 1.97 2.87 
(mean raw score) (30 min) 0.28 0.90 2.00 2.97 
Acceptance score (24 hour) 1.32 1.56 1.94 2.35 
(mean raw score) cmd 
. Patient acceptance (24 hour) E 
Ux: Poor 9 (29%) 10 (29%) 6 (18%) 2 (1%). 
oo Fair 6 (19%) 2 (6%) 4 (12%) 3 (1095) | 
UN Good 13 (429) 15 (44%) 10 (29%) vä (24. ~= 
Excellent 3 (10%) 7 (21%) 14 (41%) aT G9: ey 
Sex M/F 15/20 13/22 14/21 15/20 .— 
Race B 
White 33 31 32 32 
Black 2 3 2 2 
Other 0 1 i 1 | 
ASA class (I/II) 31/4 28/7 30/5 30/5 
Mean weight, kg 66.7 68 68.5 70.3 
168 168 168.5 171.5 








In 1951, however, Cohen and Beecher? con- 
5 .demned the routine use of narcotics for pre- 
. medication in the absence of pain. They 


compared 15 mg of morphine and 0.6 mg of 


< atropine/70 kg, 90 mg of pentobarbital and 
0.6 mg of atropine/70 kg, and 0.6 mg of 
atropine/70 kg, given subcutaneously, con- 
cluding that the barbiturate provided seda- 
tion equivalent to the narcotic with fewer 
side effects. 


Cohen and Beecher’s study, along with 
other works, lent credence to the increased 
use of barbiturates. Development of the ben- 
zodiazepines in the 1960s provided an alter- 
native to the use of barbiturates and opiates 
E for premedication. 


t Brandt and Oakes? compared the effects 
of pentobarbital (100 mg), diazepam (20 


mg), and placebo, administered orally at 
bedtime the night before and again 90 min- 
utes preoperatively. This dose of diazepam 
proved superior to the barbiturate in allay- 
ing patient anxiety and in providing seda- 
tion. Cormier's group,* studying meperidine 
(100 mg IM) versus diazepam (10 mg IM) = 
in a weight-related dosage scale, giving the 
maximum to patients weighing over’ 
found no statistically significant diffe ICE 
between the drugs, but what difference w T 

observed tended to favor diazepam. - ETC 





Steen and Hahl? compared diaaa do 
mg and 20 mg IM) with a placebo, report- 
ing diazepam-medicated patients to be well 
sedated and with retrograde amnesia for 
preoperative events. No difference was 
found between 10 and 20 mg of diazepam, 


and the authors recommended the lower  - 
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(— UCPKTIENT'S EVALUATION 
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Fie. i. The. mean change in anxiety in ridits 
plotted versus diazepam dosage for 15- and 30- 
minute. interviews. The larger the score, the larger 
the decrease in anxiety. Plotted about each point 
| 2 SD. A line is drawn through the 15-minute 
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premedication. Both these results may be 
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Fic 3. Lack of recall (amnesia) based on memory 
of test picture at 24-hour interview plotted versus 
diazepam dosage. Ridit score of 0.45 represents no 
amnesia. Increasing score represents increasing lack 
of recall. Also plotted versus diazepam dosage is 
patient acceptance in ridits, as judged by 24-hour 
interview, Plotted about each point are 2 SD. 


related to poor uptake when diazepam is 
given IM (vide infra). 


The amnesic properties of diazepam have 
been discussed in a number of articles. 
Pandit and Dundee’ found little amnesia 
with a variety of drugs, including diazepam, 
administered IM. They postulated that per- 
haps IV administration might offer greater 
suppression of recall. Pandit and associates,’ 
investigating the incidence of amnesia with 
15 IV premedicants, found good anterograde 
amnesia with diazepam (20 mg), combina- 
tions of narcotics with diazepam or scopola- 
mine (meperidine, 100 mg, or morphine, 15 
mg, with diazepam, 10 mg, or scopolamine, 
0.4 mg) and diazepam (10 mg) with sco- 
polamine. 


In a subsequent study, Dundee and 
Pandit? were unable to observe any retro- 
grade amnesia with a number of intrave- 
nously administered barbiturates or in doses 
of diazepam as large as 1 mg/kg body 
weight. 


Clarke and coworkers}? compared the 
amnesic effect of IV diazepam. (0.24 mg/kg) 
versus saline solution. Complex psychologic 
testing conducted over a 2-hour period dem- 
onstrated profound anterograde amnesia for 
approximately 10 minutes and lesser inci- 
dence of recall persisting for 30 minutes 





Intravenous Diazepam . . . Conner, et al 


after injection of diazepam. Dundee and 
dit!! found the anterograde amnesia 
5 and 10 mg doses of diazepam to peak 
! to 3 minutes and to include 50 percent 
-90 percent of the patients studied, re- 













lillestad and associates!? studied the se- 
"rum concentration and clinical effects of 
diazepam (20 mg) after IV, IM, and oral 
administration. They found that a maximal 
level of 1600 „g/ml was attained at 15 min- 
utes after IV injection; 490 „g/ml at 30 
minutes with oral administration; and 290 
pg/ml at 60 minutes with IM diazepam. 
= The serum concentrations directly corre- 
. lated with the clinical effects of the drug. 
- These results indicate that the IM route of 
administration of diazepam is less effective 
than either IV or oral routes. Thus, it would 
ppear that there is no clear advantage of 
M diazepam for premedication. In a simi- 
ir study, Kaplan's group!? found that max- 
imal serum levels with 10 mg of IV diaze- 
pam occurred 2.5 to 5 minutes after injec- 
ion. 














— We measured amnesia only at 15 minutes 
after injection; at this point, there was a 
significant dose-related effect at 10 and 20 
mg. Our preliminary results of subsequent 
diazepam studies (unpublished) indicate 
marked increase in amnesia in the first 1-2 
minutes after IV injection, lack of recall 
being in excess of 60 percent for 20 mg 
diazepam during this period and decreasing 
thereafter through one hour. This agrees 
with the observations of Dundee and Pandit 
and likewise correlates well with the maxi- 
. mal serum levels reported by Kaplan. If, 
. in our study, amnesia measurements had 
been made in the first 5 minutes after in- 
jection, it is possible that there would have 
been a dose-related amnesic effect seen 
with all 4 dosages. The decrease in anti- 
anxiety effect at 30 minutes is also probably 
related to the initial rapid decrease in plas- 
ma level of diazepam, so that at 2.5 and 5 
mg, there is a minimal concentration due 
to redistribution from the brain. 


Unlike several studies previously dis- 
cussed which showed diazepam (10 mg) to 
be as effective as 20 mg given IM, we ob- 
served a linear dose-related effect for anxi- 
ety relief, sedation, and patient acceptance 
for all 4 dosages, with the exception of the 
30-minute value for patient evaluation of 

sedation for the 5 mg dose. A probable ex- 
planation for this is that, unlike 2.5 mg 
which had little effect, 5 mg had a more 
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noticeable though transitory effect. Both the 
2.5 and 5 mg doses scored lower in sedation 
and anxiety relief scores at 30 minutes than 
at 15 minutes. Diazepam (10 and 20 mg) 
maintained sufficient sedation and anxiety 
relief throughout the 30-minute test period, 
in contrast to the lower doses. 


In this study, diazepam effect showed a 
large individual patient variability. For ex- 
ample, one 65-year-old, 40 kg woman showed 
little response to 20 mg of IV diazepam. In- 
stances such as this reinforce our belief in 
the necessity to individualize dosage. Many 
patients take oral diazepam regularly for 
treatment of anxiety and consequently may 
require larger doses for anesthetic premedi- 
cation. “ 
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Fluctuating Intracranial Hypertension Due to 
Cheyne-Stokes Respiration 


M. LOU MARSH, MD* 
SYDNEY J. AIDINIS, MB, BS, FFARCST 
HARVEY M. SHAPIRO, MD£ 


Philadelphia, PennsylvaniaS 


Cyclically fluctuating intracranial pressure 
(ICP) with periodic breathing was first de- 
scribed by Nils Lundberg in 1960... While 
Cheyne-Stokes respiration (CSR) frequently ac- 
companies severe cerebrovascular accidents, it 
is not commonly appreciated that cycles of se- 


CASE REPORT 


A comatose 65-year-old man was ad- 
mitted to the Neurosurgery Service 
with signs of a right hemispheric lesion. He 
was afebrile, with a blood pressure of 130/ 
80, pulse 96/min, and respirations 18/min. 
Following cerebral arteriography, the patient 
underwent a craniotomy, at which a large 
right intracerebral hematoma was evacu- 
ated. 


Postoperatively, he was admitted to the 
neurosurgical intensive care unit. He was 
extubated on the first postoperative morning 
and thereafter maintained adequate oxygen- 
ation and ventilation, as documented by 
arterial blood-gas measurements. Three days 
postoperatively, he remained lethargic and 
had a dense left hemiparesis. He responded 
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vere intracranial hypertension can complicate 
this abnormal ventilation pattern. We recently 
treated a patient with a hemorrhagic stroke in 
whom episodes of elevated ICP were synchron- 
ously associated with CSR. 


appropriately to pain directed to his right 
side. Because his neurologic status did not 
improve, the possibilities of reformation of 
an intracerebral hematoma, cerebral edema, 
and obstructive hydrocephalus were consid- 
ered. An intraventricular cannula was in- 
serted for ICP monitoring and control..2 


Twenty-four hours later, the patient’s neu- 
rologic status deteriorated, as he became 
totally unresponsive to deep pain and his 
respirations assumed a Cheyne-Stokes pat- 
tern. Periods of apnea were followed by a 
few obstructed respiratory efforts consisting 
of small tidal volume; then, with a sponta- 
neously cleared airway, a frank CSR cycle 
intervened. Concurrently, his ICP, which 
had previously ranged between 10 and 20 
torr, fluctuated between 15 and 45 torr at 
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Figure. Episodic intracranial pressure (ICP) 
elevations with the same frequency cycle as con- 
current Cheyne-Stokes respirations in a patient 
following removal of an intracerebral hematoma. 
The envelope above one of the ICP peaks indicates 
the typical period of active spontaneous respirations 
while apnea occurred throughout the remainder of 
each cycle. Event code as follows: (1) Manually 

=. assisted ventilation with anesthesia bag and mask. 
~ (2) Laryngoscopy and spraying of local anesthetic 
"following succinylcholine 100 mg and thiopental 
1850 mg. (3) Laryngoscopy and intubation. (4) 

—— "Begin controlled mechanical ventilation. 


^ about 1 cycle/min (figure). Cerebral per- 
. fusion pressure (CPP = BP — ICP, all mean 
< values) varied between 85 and 55 torr dur- 
— ing each CSR cycle. A bolus of mannitol 
<. (0.5 gm/kg) failed to alter the upward trend 
~ jn his baseline ICP level. Continuous man- 
ual hyperventilation for two minutes with 
an anesthesia bag and mask obliterated the 
cyclic ICP peaks. With cessation of ventila- 
tory assistance, CSR resumed, as did the 
periodic high ICP fluctuations. 









As preparations were made to reintubate 
the patient, two arterial blood-gas samples 
were drawn from a radialartery catheter. 
Between the samples, blood continuously 
flowed from the catheter to insure adequate 
flushing. These samples were drawn at the 

¿o ICP peak and nadir with room air as the 
. inspired gas. Blood gases at the ICP nadir 
coo were PaO, = 94.1 torr and PaCO, = 33.7 
< torr, while during the peak ICP, the PaO, = 
62.1 and the PaCO, = 34.8 torr. Blood pH 
remained at 7.45 for both samplings. The 
peak ICP levels consistently correlated with 
the middle of the hyperpneic period, while 
the lowest levels coincided with the midap- 
neic period. 






Immediately following intubation and con- 
trolled ventilation, the ICP was maintained 
below 20 torr and thereafter declined over 
the next three days to levels of 3 to 5 torr 
just prior to extubation. During this period, 
his PaCO, was maintained between 28-32 

torr and body temperature reduced to 33- 
i . 94C. Pancuronium was given as needed to 
|. facilitate mechanical ventilation. The pa- 
tient's level of consciousness gradually im- 
proved and he was discharged from the unit, 

alert but with a residual hemiparesis. 
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DISCUSSION 


Periodic phasically related changes in 
ventilation and ICP are known to occur in 
patients with head injuries and intracranial 
mass lesions. ^: Studies in patients with 
stroke have been infrequent because ICP is 
not usually monitored in nonsurgical pa- 
tients. In one series of stroke patients, CSF 
pressure changes as measured through a 
lumbar needle were much less («10 torr) 
than those observed in our patient? The 
magnitude of the intermittent ICP increase 
and consequent CPP reduction was unex- 
pected, greatly increasing the potential for 
brain-stem compression and cerebral ische- 
mia. This may relate to observations in 
head-injured patients wherein the occur- 
rence of Cheyne-Stokes ventilation indicated 
a poorer prognosis.? t 


Episodes of CSR have been shown to oc- 
cur in neurosurgical patients following an 
ICP increase to over 40 torr.13-4 In other 
cases, where the baseline ICP was low ( «15 
torr supine), minor ICP fluctuations of less 
than 10 torr accompanied an established 
pattern of CSR with the same pbasic rela- 
tionship as seen in our patient.! The intra- 
cranial hypertensive episodes observed in 
our patient lie between the extremes found 
in the medical and surgical patients. The 
CSR probably caused the ICP increase, 
since controlled ventilation blocked such in- 
creases and hypoxia and/or CO, retention 
are known to elevate cerebral blood volume. 


Cherniack feels that CSR relates to dis- 
orders in the respiratory feedback servocon- 
trol loops. Recognized factors contributing 
to the establishment of CSR include a pro- 
longed circulation time and central nervous 
system disease. Presumably, brain pathol- 
ogy alters central chemoreceptor CO, thres- 
hold and sensitivity, resulting in an in- 
creased dependence on peripheral chemore- 
ceptor function (PaO, related) 5? The very 
small increase in PaCO, (about 1 torr) ob- 
served at the ICP peak (hyperpneic phase), 
and the marked fall in the PaO, (32 torr 
decrease) may reflect our patient’s increased 
dependence on peripheral chemoreceptor 
control of ventilation. 


Some investigators report no change or 
very small PaCO, elevations with much 
larger falls in arterial O, levels accompany- 
ing CSR in the presence of neurologic dis- 
ease.* Others stress a CSR-PaCO, depend- 
ence in patients under similar conditions.* 
Pressure transmitted to the brain stem may 
also play a role in initiating CSR and/or 









218 ANESTHESIA AN 


prolong the circulation time to central re- 


spiratory receptors. | 

The therapeutic implications of our ob- 
servations are important: in patients with 
cerebral infarction, notwithstanding surgical 
intervention, the occurrence of CSR may 
indicate that a treatable complication, intra- 
cranial hypertension, may exist. In this situ- 
ation, ICP monitoring may confirm the 
diagnosis, indicating the requirement for 
treatment with osmotic diuretics and hyper- 
ventilation. 
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STEROIDS IN SEPTIC SHOCK. One hundred seventy-two adult patients manifesting | 
a falling blood pressure, positive blood culture and septic history were studied pros- 
pectively. Treatment was randomized and double blind to include saline, 3 mg/kg 
of dexamethasone (DMS) or 30 mg/kg methylprednisolone (MPS) as a single intra- 
venous injection. If necessary, treatments were repeated 4 hours later but not again. 
The endpoints determined were mortality and complications. Mortality was 38.4 
percent in the saline group, 9.3 percent for DMS and 11.6 for MPS treated patients. 
There was no significant difference in the complication rate (about 5 percent) between . 
steroid and non-steroid treated patients. Cardiac dysrhythmias previously reported _ 
with high-dose steroid therapy were not seen. A retrospective study (328 patients) 
by these authors found similar results. Steroids may exert a beneficial effect by pre- — 
venting the release of autocoids (serotonin, histamine) responsible for the large third . 
space fluid loss. This study supports the early administration of steroids as an adjunct. — 
to other therapeutic measures (antibiotics, fluid replacement) in the management of 
septic shock. (Schumer W: Steroids in the treatment of clinical septic shock. Ann Surg 
184:333-341, 1976) 
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severe flaccid paraplegia accompanied by ex- 
ensive sensory less after epidural anesthesia 
idministered for labor and delivery occurred in 
| previously healthy 24-year-old primagravida. 
Recovery was virtually complete after 16 


AJOR neurologic complications follow- 
ov ing epidural anesthesia are fortunate- 
| ty rare. A recent monograph on this sub- 
ject, covering an extensive review of the 
literature, reported an incidence of 1/11,000 
in a series of approximately 780,000 epidu- 
ral blocks.! Case reports of such complica- 
tions are worthy of publication not only be- 
cause of their rarity but also because these 
sequelae, when they occur, not uncommonly 
result in severe permanent disability. 








i CASE REPORT 
Jd This 24-year-old primagravida was ad- 
-mitted walking to the labor ward in early 
. labor, at 41 weeks gestation, with a 24-hour 
- history of spontaneous rupture of the mem- 
branes. Her obstetrical history was unre- 
markable. Her previous health had been ex- 
cellent, and in particular, there was no his- 
^tory of neurologic symptoms. The patient 
had been adopted and a family history was 
not available. 


E Labor became well established several 
©- hours after admission, and progressed un- 
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months. The cause of the neurologic deficits 
may have been the 1.5 percent benzyl alcohol 
preservative contained in an 0.9 percent saline 
solution used for postdelivery epidural injection, | 


eventfully until the patient was fully dilated 
20 hours after admission. Parenteral anal- 


gesics were administered, with a normal re- 


sponse. Epidural analgesia was instituted  . 
when the patient was 9 cm dilated. With the _ 


patient seated, a 16-gauge Tuohy epidural e 
needle was inserted at the L3-4 interspace, |. 


using aseptic technic. The subarachnoid 


space was inadvertently entered and a. small um 
volume of free-flowing, clear cerebrospinal . . 


fluid (CSF) escaped. The needle was with- 
drawn into the epidural space and a cath- 
eter was inserted. 


At no time during this procedure did the 
patient experience pain or paresthesia, nor 
was any bleeding apparent. Lidocaine (4 
ml, 1.5%) with epinephrine 1:200,000, in- 
jected via the epidural catheter with the 
patient supine, produced partial pain relief 
without untoward effect. The same dose was 


repeated 10 minutes later, resulting in ae 
sensory level at the 8th thoracic dermatome. ae 


The patient reported pain relief and it was _ 
also noted that she was able to move her 


legs. 
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One hour later, 8 ml of lidocaine 1.5 — 


cent with epinephrine 1:200,000 was inject- 
ed via the epidural catheter with the patient 
seated. Excellent perineal anesthesia re- 
sulted. Thirty minutes later, a 3884 gm baby 
was delivered following a midpelvis rotation 
and extraction with Kielland's forceps. 
Apart from a partial-thickness vaginal la- 
ceration, the delivery was uneventful. The 
patient's blood pressure was normal through- 
out labor and delivery. 


One hour after delivery and 100 minutes 
after the last epidural injection, 40 ml of 
0.9 percent NaCl was injected via the epi- 
dural catheter. (It was subsequently real- 
ized that this saline solution contained 1.5 
percent benzyl alcohol, as a preservative.) 
'Three hours later the patient was transferred 
to the postpartum ward with the epidural 
catheter in place, because it was intended to 
inject further saline should a low-CSF pres- 
sure headache ensue. Twenty-four hours 
later, when it became apparent that she had 
not fully recovered from the effects of the 
epidural anesthetic, the epidural catheter 
was removed and neurologic consultation 
was obtained. 


The patient was examined neurologically 
by one of the authors (GGH) about 30 
hours after delivery. She then stated that 
since delivery her lower limbs had remained 
numb and she was unable to move either ex- 
tremity. On the left side, the numbness was 
most severe in the thigh region, and on the 
right side from the knee distally. Pins-and- 
needles sensations in both lower limbs, 
mainly around the knees, were described. 
She noted that some power had returned to 
the feet but she was still unable to raise 
either leg off the bed. She was also unable 
to void, and an indwelling Foley catheter 
was in place. 


Examination revealed a severe flaccid par- 
aparesis, worse on the left side. Weak foot 
and toe movements could be performed bi- 
laterally, but she was unable to flex either 
hip or to perform any voluntary movements 
at the left knee. Right knee flexion and ex- 
tension were weak. Knee and ankle jerks 
were absent. Joint position sense was im- 
paired in the toes bilaterally, more so on the 
right side. Light-touch sensation was de- 
pressed in both lower limbs and in the peri- 
anal regions, most severely in the S-2 and 
S-3 segments, the upper limit of sensory 
loss being at about L1-2. Vibration sense 
was present although depressed, more so on 
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d left side. Radiographic examination of 
the lumbar and sacral spine revealed no ab- 
normality. In view of the patients gradual 
improvement during the 30 hours since de- 
livery, treatment was entirely supportive. 


She subsequently continued to show pro- 
gressive improvement in lower-limb func- 
tion. Nine weeks following delivery, she was 
able to walk with crutches, and for short 
periods independently. She still complained 
of some perianal numbness. Bladder func- 
tion was normal. On formal testing, a severe 
hip-flexion weakness was still present. Right 
knee extension was good but a marked flex- 
ion and extension weakness of the left knee 
was still present. Foot and toe movements 
were normal, as was sensation in the feet 
and legs. The right knee jerk was present 
as a flicker; other lower limb reflexes were 
absent. 


Motor function in the lower limbs contin- 
ued to improve. Six months postpartum, she 
reported the onset of leg cramps during 
some limb movements, and some wasting of 
the left thigh was recorded. By the 9th 
month following delivery, foot and toe move- 
ments had become virtually normal and 
both knee jerks had reappeared, albeit in 
depressed form. Recovery in strength had 
also occurred in left hip and knee move- 
ment. At 16 months, good power was noted 
in both lower limbs proximally and distally. 
Muscle cramps were still troublesome, espe- 
cially at night and after weight bearing. Her 
gait was by now virtually normal except 
that some weakness was still evident on ris- 
ing from the sitting position. 


Twenty-six months after her first deliv- 
ery, she was reexamined. She was then 8 
months pregnant, and continued to com- 
plain of leg cramps, especially severe in bed 
but also present after walking. Gait and 
muscle strength proximally and distally in 
both lower limbs were virtually normal ex- 
cept that she still had a little difficulty in 
rising from the supine position. Three weeks 
later she spontaneously delivered a healthy 
infant, 10 minutes after admission to the 
labor ward, and without the need for anal- 
gesics. 


DISCUSSION 


The neurologic signs indicate that this 
patient developed an acute asymmetrical 
lesion of the cauda equina (intradural or 
extradural), affecting both motor and sen- 
sory roots, from L-1 to S-5. There was no 


Flaccid Paraparesis . . . Craig and Habib 
-definite clinical evidence of spinal-cord in- 
'olvement, and the very good recovery 
: make any more than minimal cord 
nent most unlikely. The physical 
ld of course be entirely inconsis- 
a more peripherally placed lesion, 
de the spinal canal. There would seem 
doubt, therefore, that the procedure of 
^ epidural anesthesia, and in particular the 
-injection of 0.9 percent NaCl containing 1.5 
percent benzyl alcohol, was in some way 
implicated. 









In his posthumously published mono- 
graph, Usubiaga has presented and dis- 
cussed the case histories of 65 patients, col- 
lected through a search of the literature and 

. from personal enquiries to anesthesiologists 
.throughout the world.! He found the most 
"important causes of neurologic complica- 
ons following epidural regional anesthesia 
-to be epidural hemorrhage, infection of the 
epidural space, and the neurotoxic effects 
- of injected material such as local anesthetic 
-agents and chemical preservatives or con- 
-taminants. Other causes identified were sub- 
arachnoid infection, "chemical" meningitis, 
and nonspecific arachnoiditis. Direct needle 
injury to the spinal cord or nerve roots was 
sometimes responsible, and occasionally 
spinal-cord infarction followed severe hypo- 
tension during the course of the operation. 
In some cases, however, no definite cause 
could be identified. None of the case his- 
tories presented in this monograph closely 
resemble the case now under discussion. 







It seems most unlikely that infection, di- 
rect trauma, or bleeding could have pro- 
duced the neurologic signs noted in this pa- 
tient. The most likely explanation for this 
acute lesion of the cauda equina would ap- 
pear to be a neurotoxic effect produced by 
the inadvertent injection of benzyl alcohol. 
However, benzyl alcohol alone, in 1.5 per- 
cent concentration, would not be expected 
to produce a block ‘of the severity and dura- 
tion encountered. 


Although this agent is not currently in 
common use, in the past it was used in con- 
centrations of 7.5 percent in the treatment 
of chronic pain. When injected adjacent to 
peripheral nerves, 7.5 percent benzyl alcohol 
produced transient and incomplete sensory 
and motor blocks. Kenny? reported inject- 
ing into the caudal canal 40 to 60 ml of a 
solution which included 7.5 percent benzyl 
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alcohol, in the treatment of intractable pain 


from pelvic cancer. Although few details are 


given, it appears that this injection was not 
associated with any significant motor block, 
in that some patients were able to walk 
following the treatment. 


Based on the previous reports of benzyl 
alcohol use, a 1.5 percent solution in the 
lumbar epidural space would be expected to 


produce a mild and transient nerve block. _ 
There is, however, no information to. direct- 
ly confirm this expectation. It is also pos- 
sible that in this patient, the neurotoxic 
effect of the benzyl alcohol may have been 











enhanced by the preexisting changes of - he 
nerve membrane produced by the. local. a 
esthetic. E 





The normal saline injected following dos 
livery was contained in 20-ml vials, so that 
the material actually injected was not avail- 
able for testing. Analysis of samples from 
the same package, and presumably the same 
manufacturer's lot, revealed a sodium con- 


tent of 155 mEq/L and a benzyl alcohol con- 
centration of 1.5 percent. The manufacturer = 


stated that the acceptable limit for benzyl 





alcohol concentration was 1.42 to 1.57 per- AE 


cent. E: 
The possibility that the 40-ml saline im D 


jection produced damage by causing a tran- 


sient increase in pressure in the epidural | : 


space must also be considered. This Seems | i 
most unlikely in view of previous reports of |. 
injection of up to 60 ml, without untoward s 


effects? 


In the absence of other identifiable poten- 
tial causes, benzyl alcohol injection offers 
the most logical explanation for the patient's 
initial and subsequent course. The advice 
that preservatives should not be injected 
into the epidural space* is thus reinforced. 
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The Potential for Conta mination of Cc ntinu 
Epidural Catheters 
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Portsmouth, Virginia§ 


In cultures from 102 patients undergoing con- 
tinuous epidural catheterization, 22 catheters 
were found to be contaminated. No statistically 
significant correlation could be established be- 
tween the contaminated catheters and the pa- 
rameters monitored. A worrisome trend of con- 
tamination seemed to be developing in associ- 


HILE the potential contamination of 
epidural catheters is a definite haz- 


. . ard of continuous epidural anesthesia, and 


several reports of epidural abscesses attest 
to the magnitude of this problem,'- it has 
been our impression that clinical infection 
following epidural anesthesia is rare. In 
Lund's study? of over 11,000 cases, he did 
not encounter a single case of infection at 
the site of puncture or of the epidural space. 
In another study! of epidural catheteriza- 
tions, the catheter-tip cultures were positive 
for gram-positive organisms in 3/35 after 
removal and, in 3/10, in the skin about the 
catheter. 


'The present study was initiated to deter- 
mine the extent of contamination of epi- 
dural catheters and to attempt to identify 
the factors contributing to contamination. 


MATERIALS AND METHODS 
Parturients from the labor and delivery 
rooms, surgical patients, and other patients, 


ation with hospital-prepared epidural trays as 
well as the procedure of vaginal delivery. 
Hypotheses for these observations together 
with current prophylactic measures are dis- 
cussed. One significant clinical infection oc- 
curred; a brief report of this patient is in- 
cluded. 


such as those treated for postspinal head- 
aches and lower extremity vascular insuffi- 
ciency, were randomly selected for study. 
'The technic of epidural catheter placement 
included the following: 


1. All patients were placed in the lateral 
decubitus position. 


2. Provodine-iodine (Betadine^) solu- 
tion was used to prepare the back. 


3. Hospital-prepared and commercial 
(Travenol Plexitray?^) * epidural trays were 
used. An epidural catheter was included in 
the commercial trays, while disposable epi- 
dural cannulas ( Portex) + were added to the 
hospital-prepared trays at the time they 
were opened. 
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* Professor and Chairman, Program in Anesthesiology, The University of Texas Medical School at Houston, 


Houston, Texas 77030. 


iChairman, Department of Anesthesiology, Jewish Hospital of St. Louis, Missouri. 


3US Naval Hospital, Portsmouth, Virginia. 


The opinions or assertions contained herein are the private views of the authors and are not to be con- 
strued as official or as reflecting the views of the Department of Defense or the Department of the Navy. 


Address reprint requests to Dr. Rigor. 
Paper received: 3/15/76 
Accepted for publication: 6/23/76 








Potential Contamination ... Hunt, et al 












. 4. The skin and subcutaneous tissue were 
filtrated with 0.5 to 1 ml of 1 to 1.5 per- 
lidocaine, using a disposable 2-ml 
ge and 25-gauge needle included with 


A 17- auge, 7.6-cm thin-walled Tuohy 
e-was introduced into the 2nd or 3rd 
mbar interspace and the epidural space 
identified by the loss-of-resistance technic. 





6. The epidural catheter was threaded 
into the epidural space approximately 3 cm, 
usually in a cephalad direction. 


© 7. The Tuohy needle was then removed, 
sterile 4 x 4 pads placed about the catheter 
to stabilize it, and paper tape used to secure 
e catheter from the back to the shoulder. 













8. Local anesthetic solutions (lidocaine 
d mepivacaine) from single-dose vials 
“re used. Sterile saline solution was used 
for patients with postspinal headache. 


The type of epidural tray, time the cath- 

-eter remained in the patient, number of 

injections (the number of times syringes 

. were changed at the hub of the catheter), 

:.— number of people involved in changing 

- —- syringes for epidural injections, and type of 
local anesthetic were recorded. 


On removal of the catheter, 4 cultures 
were taken with Culturettes,®* after soaking 
the cotton swab with culture broth. The 4 
cultures were from: 


1. The inside of the hub of the catheter. 


2. The skin around the catheter. The 
Skin was then cleansed with an alcohol swab 
. and allowed to dry. 


PN 3. The last few drops of fluid in the 
d catheter after the catheter was removed 
ed from the patient. 

. 4. The distal tip of the catheter, cut off 
with sterile scissors. 





Usual sterile technic was observed during 
the placement and removal of catheters. The 
cultures were treated in the routine manner 
by the bacteriology laboratory, usually be- 
ing plated within 12 hours and read 24 
hours later. In general, organisms were iden- 
tified only as staphylococcus or gram-nega- 
tive rods, unless otherwise specified. 






b CASE REPORT 
One significant clinical infection occurred, 





| —*Culturette? Mediflex Division, Medical Supply 
i Rockford, Illinois. 
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described following. No evidence of clinical. 


infection was observed in any of the other _ 


patients up to the time of discharge from 
the hospital. 


A 36-year-old woman with a 3-year his- 
tory of hyperesthesia in the distribution of 
the right 11th thoracic nerve secondary to 
2 previous flank operations was treated for 
2 months with T-11 paravertebral blocks, 


with temporary relief. She was admitted for _ 


a trial of continuous epidural anesthesia 
relieve the hyperesthesia. A hospital-pr Beat 
pared tray was used to place the epidural .. 


catheter in the usual manner. The catheter. - i 
was continuously perfused with a dilute- 


solution of lidocaine and the patient was. U 
free from pain for 5 days. - 


On the evening of the 4th day, she was. 
noted to have a low-grade temperature. The 
following morning, purulent material was 
noted about the catheter, which was re- 
moved and the patient placed on a thera- 
peutic course of IV cephalothin sodium. The 
skin, contents, and tip of the catheter grew 


staphylococcus species sensitive to cephalo- 
thin sodium. The infection was a localized .. 
cellulitis of the right paravertebral muscle M 
adjacent to the catheter site. Fortunately; ^. 


no evidence of an epidural abscess devel- 
oped and the infection cleared. 


RESULTS 
Of the total 102 patients, 22 (2295) were 


found to have contaminated catheters. 
Among the samples collected, 3 patients 


had 2/4 positive cultures each and 2 pa- 
tients had 3/4 positive cultures. 


Of the 29 positive cultures, 9 were from 
the hub, 9 from the tip, 7 from the skin, and 
4 from the contents (table 1). 


Gram-positive organisms were grown from 
16 specimens, whereas gram-negative rods 
were cultured from 13 (table 2), 


TABLE 1 


Sites of Positive Cultures in 
Epidural Anesthesia 


Number of Number of Percent of 





cultures positive positive -Percent 
Sites taken cultures cultures of fotol `. 
Hub 102 9 88 22 
Skin 102 7 6.9 L7 
Contents 102 4 3.9 1.0 
Tip 102 9 8.8 2.2 
Totals 408 29 ^10 


mamana 
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TABLE 2 






Positive 


Organisms cultures 





A. Gram-positive 
1. Staphylococcus 13 
2. Neisseria 
3. Diphtheroids 


4, Streptococcus 1 
B. Gram-negative rods 13 
Totals 29 
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Types of Organisms Cultured. B D Au 





Percent total 


Percent cultures 
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TABLE 3 
Types of Epidural Tray 
Number with Percent Percent of all 
Number positive catheters contaminated 
B aourr used Percent cuHure contaminated catheters 
Hospital-prepared (reusable) 71 69.6 18 25.8 81.8 
Disposable (commercial) 31 30.4 4 12.9 18.2 
Totals 102 100.0 22 100.0 


a a ee Lo ree 


E Hospital-prepared epidural trays were 

used in 71 (70%) of the patients in the 
study; however, of the group of patients 
with contaminated catheters, hospital trays 
were used for 18/22 (8295). The disposable 
commercial trays were used in 31 patients 
(3095). Of these, 4 (18%) showed positive 
cultures (table 3). Although 25.3 percent 
of the hospital-prepared and only 12.9 per- 
cent of the commercial catheters were con- 
taminated, this difference is not significant 
by chi-square analysis (p = 0.05). 


Whereas vaginal deliveries accounted for 
53 (52%) of the study cases, 14 of the 22 
(64%) catheters found to be contaminated 
were used for this procedure (table 4). 


There was no significant difference be- 
tween the duration of catheter implantation, 
the number of injections, or the number of 
» personnel involved for the study and con- 
" taminated populations (table 5). 


Likewise, neither of the local anesthetics 





used seemed to influence the incidence of 


contaminated cases (table 6). 


DISCUSSION 


Statistically, contaminated catheters can- 
not be associated with. any single factor. 
However, the association. of contaminated | 


catheters with both reusable hospital-pre- 


pared epidural trays and with the procedure 


of vaginal delivery is worrisome. 'The impli- 
cation is that our reusable hospital-prepared 
trays may require more rigid preparation. 
Because of this implication, we have recent- 
lv discontinued the use of hospital-prepared 
epidural trays. 


We also have felt that several factors may 
make patients undergoing vaginal delivery 
more likely to develop a contaminated cath- 
eter. Amniotic fluid and urine frequently 
are responsible for wetting the dressing over 
the epidural catheter during labor, thereby 
providing a fluid route for any bacteria pres- 
ent. Also, urine and feces not infrequently 
contaminate the bed or delivery table of 
these patients. Our routine has recently 
been modified to include the use of water- 
proof tape in securing the catheter in pa- 
tients undergoing vaginal delivery. 
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TABLE 4 
Operative Procedures with Contaminated Catheters 







contaminated “contami 
Operation Number Percent catheters |o €at 


aai PT a b Ar e SSH AA et rere tether ra e: TN AEE TIT HMM IH mari t rer rera amt rd tt HAE ANA e Pide 


Vaginal delivery* 
C-section 10 10 0 
DEC 

















General and vascular 
‘surgery (16.7%) Abdominal surgery 10 10 


Inguinal hernia repair 5 5 1 






Lower extremity 
vascular repair 2 A 0 






h thopedic surgery 






Lower extremity surgery _ 5 5 3 
leurosurgery (0.98%) CSF drainage 1 1 1 












scellaneous (13.7%) ^ Treatment for postspinal - dic 
bn headache 11 10 1 24 
Treatment of peripheral 
vascular insufficieney 1 E + Ü 


Treatment of 
intractable pain 









TABLE 5 


Effects of Duration of Implantation, Injections, and Personnel 
on the Incidence of Contamination 













MR Pere errem rr a reet i eT T Ra aaa MA A i er rear a Ner rm d e Tea a aa a err. THE EEE SEDES A 


a ve à 5 7 Epidurat catheters 





meena A AAALAC RENAL TA At RANE rne trii a I er ea eT ta e IERI EA rm t M raae naaa 


eee eee 12.5 0.4-168 4.7 2-30 1.9 


Catheters with positive 
cultures 12.9 0.75-96 5.3 2-30 Ze 


TABLE 6 
Effect of Local Anesthetics on the Incidence of Contaminated Catheters 





Number Percent 
TELERA Number contaminated positive 
Anesthetic agent in study Percent catheters cultures. d 





.. Lidocaine 57 56 14 64 
J Mepivacaine 34 33 6 28. 
- Normal saline 10 10 | 






l | None 1 1 1 





3 Totals 
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Laceration of Left Pulmonary Artery During Mediastinoscopy 


CHONG M. LEE, MD* 
LARRY B. GROSSMAN, MDT 


Hershey, Pennsylvania 


During a mediastinoscopy on a 65-year-old man 
with a carcinoma of the lung, the left pulmo- 
nary artery was biopsied inadvertently. The 
patient became hypotensive due to a loss of 
1500 ml of blood in less than 5 minutes. Rapid 
administration of plasma and whole blood and 


"PM S INCE Carlens initial report! on the tech- 


nic of mediastinoscopy, this procedure 


has gained widespread use in Europe and 


subsequently in North America. The pro- 
cedure is safe, relatively simple, and diag- 
nostically useful. A review of the literature, 
however, reveals that serious associated com- 
plications have been reported.^' The fol- 
Jowing case history demonstrates that life- 
threatening hemorrhage can occur during a 
diagnostic mediastinoscopy. 


REPORT OF A CASE 


A 65-year-old man was scheduled for a 
bronchoscopy and mediastinoscopy. His 
past medical history revealed a 45-year his- 
tory of cigarette smoking and hypertension 
controlled with metholdopa. Admission phy- 
sical examination was unremarkable except 
for bilateral basilar rales and a grade II/VI 
systolic ejection murmur. Admission labora- 


tory data showed a hematocrit of 40 percent, 
hemoglobin 14 gm/100 ml, and normal elec- 


trolytes and ECG. A chest x-ray revealed 
a 5-em mass lesion in the left upper lobe. 
Blood gases showed a pH, of 7.44, Pao, of 
73 torr, and Paco, of 34 torr on room air. 


* Associate Professor of Anesthesiology. 


+Resident in Anesthesiology. 


emergency thoracotomy to control bleeding 
were necessary. The authors suggest securing 
an IV route using a large-bore catheter and 
stress the need to be alert to the possibility of 
life-threatening hemorrhage occurring during 
mediastinoscopy. 


hour later, the preoperative vital signs were 
pulse 80/min, respiration 18/min, blood 
pressure 140/90 torr. An 18-gauge Angio- 
cath? was introduced in the left hand, fol- 
lowing which general anesthesia was in- 
duced with thiopental (250 mg) IV. Suc- 
cinylcholine (100 mg) IV was given to fa- 
cilitate intubation. Fiberoptic bronchoscopy 
was accomplished under general anesthesia 
with N,O-enflurane-O, mixture. 


As the mediastinoscopy was begun, the 
surgeon noted a group of nodes overlying 
the left main stem bronchus. When traction 
was applied with biopsy forceps to a node, 
the operative field filled with blood. Since 
the bleeding persisted and could not be tam- 
ponaded, it was believed that the pulmonary 
artery was torn. Soon after the profuse 
bleeding was noted, a blood-pressure reading 
was unobtainable. However, the ECG show- 
ed a regular heart rate of 100 to 130 bpm. 


The O, flow was set at 6 L/min, the N,O 
and enflurane turned off, and assistance re- 
quested. The surgeons made a left thora- 
cotomy and applied finger pressure to the 


iDepartment of Anesthesiology, The Milton S. Hershey Medical Center, The Pennsylvania State Univers- 


ity, Hershey, Pennsylvania 17033. 
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-area of the left main pulmonary artery. 
anwhile, two 14-gauge Angiocaths were 
ted and 500 ml of plasmanate and 2 
of whole blood were administered ra- 
After the major bleeding was under 
| the blood pressure returned to 
l Anesthesia was again maintained 
‘N.O-O. (2:2) and enflurane (0.5 to 
£N The hilar dissection proceeded and 
the left upper lobe was excised. The sur- 
 geons repaired the arterial laceration with 
a graft, using pericardium. 








= The estimated blood loss was approxi- 
© mately 1500 ml; this was mostly lost dur- 
. ing the first 5 minutes after the pulmonary 
- artery was torn. One hour after the emer- 
^ gency procedure was begun, blood gases 
.. Showed a pH, of 7.38, Pao, of 99 torr, and 
— Paco, of 41 torr. 






"The pathology report revealed epidermoid 
arcinoma. The postoperative course was 
uneventful. 


DISCUSSION 


~~ The major indications for mediastinoscopy 
. are to obtain a tissue diagnosis and to assess 
operability in bronchial carcinoma.” This 
procedure is believed to carry a negligible 
morbidity and mortality. However, the inci- 
dence of serious complications was 1.34 per- 
cent and the mortality rate was 1:4000 in 
11,623 patients reviewed by Bacsa’s group.’ 
They also noted that pneumothorax, recur- 
rent laryngeal nerve injury, and hemorrhage, 
in that order, were common complications. 
Ashbaugh? found that hemorrhage was the 
. most frequent complication in his collected 
- series of 6490 cases. This was reported in 
..48 patients, and a thoracotomy was required 
to control bleeding in 11 patients. In 14 
= series involving 3742 cases analyzed by 
Foster and colleagues,® excessive bleeding 
< -occurred in 22 patients, and thoracotomy 
ve necessary in 4 patients. 







| "Massive hemorrhage is the most frequent- 
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ly reported cause of intraoperative death = 
during mediastinoscopy. The major sources - 

of significant bleeding have been the aortic 
arch, main pulmonary, right pulmonary, and 
innominate arteries, and the large veins, 
such as the superior vena cava and azygos. 

'The left pulmonary artery is also vulnerable, 

as the tip of the mediastinoscope usually 
touches the pulmonary artery or its branch- 
es to reach the left tracheobronchial lymph 
nodes. At times, excessive bleeding from 
torn major vessels i in the mediastinum can- 
not be controlled by tamponade Y or with 
thoracotomy. "xd ur 















The probable predisposing fado in ma- 
jor hemorrhage are anatomic variatior ne 
vessels, infiltrating tumors, extended. 
cal intervention, and inexperience in n 
astinoscopy. | 


In the case described here, the thoracic ^. 
surgeon was experienced and assistance was 
available to the anesthesiologist. Otherwise, | 
the result might have been catastrophic. To. 
minimize the risks of hemorrhage, it is sug- - 
gested that an IV route be secured with a | 
large-bore (14-gauge) catheter. In addition, 
at least 3 units of properly typed and cross- 
matched whole blood should be available.. 
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" -< Controversy exists concerning the choice of an- 

-esthetic technic for elective cesarean section. 
Several maternal and newborn parameters were 
compared during general anesthesia (GÀ) and 
lumbar epidural analgesia (LEA). High inspired 
maternal Os levels were achieved with both 
technics. Vigorous, well-oxygenated infants with 
-good umbilical-cord acid-base values were de- 





Fe years, controversy has existed con- 
cerning technics of anesthesia for cesar- 
ean section (CS). In emergency situations 
-of fetal distress or maternal hemorrhage, 
. general anesthesia (GA) is the method of 
-choice because of the rapid speed of induc- 
- tion in the former situation and better sup- 
^;^port of the maternal cardiovascular system 
. in the latter. If the patient is suspected of 
having a full stomach and neither acute 
fetal distress nor maternal hypovolemia is 
a problem, conduction analgesia is the best 
method to cope with the potential problem 

of aspiration of gastric contents. 





: NE The choice is less obvious in patients 
......-seheduled for elective section. In discussing 


livered during both GA and LEA. Umbilical ar- 
tery and vein pH were better with GA, but 
1-minute Apgar-minus-color scores were higher 
and time to sustained respiration was shorter 
with LEA. On the basis of this study, neither 
technic can be vigorously recommended over 
the other from the standpoint of the newborn's 
condition. 


anesthesia with a prospective mother the 
day before elective CS, it can be difficult to 
know which technic to recommend. 'To help 
answer this question, we conducted a study 
comparing what we consider to be an ideal 
form of GA with an excellent type of con- 
duction analgesia for elective CS. 


METHODS 


All patients studied were in the "clinically 
acceptable ideal" category.! Premedication 
consisted of 20 mg of chlordiazepoxide orally 
the morning of operation. Each patient 
drank 15 ml of magnesium trisilicate prior 
to leaving the ward, and a 2nd dose of the 
antacid when arriving in the operating suite. 
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-Each woman remained in the lateral tilt 
tion from leaving the ward until her in- 
vas delivered.! Once the patient was 
med on the operating table, a 15° tilt 
upine was maintained. 














m arrival in the anesthetic room, 
90d pressure and pulse rate were measured 
-and a radial-artery sample taken for blood- 
<- gas and acid-base determinations. Acid-base 

values were measured by an Astrup appara- 

tus and computed by the Siggaard-Andersen 
. nomogram. The Clark electrode was used 
> for O, tension measurements. Umbilical- 
vessel Sao, was calculated from oxyhemo- 
.. globin-dissociation curves.? Thereafter, to 
— expand intravascular volume and help pre- 
.. vent hypotension, 650 to 850 ml of balanced 
galt solution was given IV over 10 to 15 
minutes. 3 









Fifteen patients received continuous lum- 

ar epidural analgesia (LEA) and 20 were 

iven GA. During the preanesthetic visit, 

= both technics were presented to patients and 

— they were allowed to select the type of an- 
esthesia they desired. Patients in the epi- 
dural group were given sufficient 0.5 percent 
bupivacaine to achieve a sensory level of T, 
or higher. Local anesthetic was injected 
through a plastic catheter previously placed 
in the epidural space at L4-L, or L.-L4. At 
the time of epidural injection, the patient 
began breathing 100 percent O. by mask 
through a nonrebreathing system. 


In both groups, blood pressure and pulse 
rate were recorded every 2 minutes after 
anesthetic induction until delivery of the 

| infant. If maternal systolic blood pressure 

< fell below 90 torr and did not respond with- 

-. in 3 minutes to rapid administration of IV 

— fluid and increased lateral tilt, ephedrine 
was given in 15-mg increments until the 
blood pressure reached at least 90 torr. Pa- 
tients were initially tilted to the right, since 
our surgeons prefer to operate from that side, 
but if hypotension developed, patients were 
tilted to the left. 


The GA technic was as previously de- 

. $cribed'.* with 2 exceptions: methoxyflurane 
. and trichloroethylene concentrations were 
s ncreased to 0.2 vol %, and the induction 
ose of thiopental was limited to 2.7 mg/kg, 
ve patients of varying weights compar- 
nounts of thiopental and to keep the 
ose below 250 mg. Succinylcholine 
O mg). was given IV to facilitate tracheal 
ation, and an 0.1 percent succinylcho- 
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line solution was used to maintain muscle .. 
relaxation. | Ps 


All patients were mechanically ventilated — p 
with a Howell’s ventilator and received — 
N,O-O. (4:8 L/min) until delivery of the _ 
infant, at which time the above flows were _ 
reversed. Ten subjects received 0.2 percent 
methoxyflurane in addition to N.,O-O, 
while the other 10 were given 0.2 percent. 
trichloroethylene instead of methoxyflura 
After delivery, an oxytocin drip, 10 unit 
500 to 1000 ml of lactated Ringer’s solution 
was used to maintain uterine tone. ‘Ergot E 
preparations were avoided, to prevent nau- 
sea, vomiting, and headaches which may 
low their use in awake patients. 

















Radial-artery samples were repeate: 
the time of uterine incision, and umbil 
artery and vein specimens were taken from 
a doubly-clamped section of umbilical cord - 
at the time of delivery and analyzed imme- 
diately. At the completion of the operation, 
sponges, drapes, gowns, other blood-contain- 
ing material, and suction-bottle contents 
were placed in a perometer washing machine 
to measure blood loss by the colorimetric 
method. 


Recording Code.—Recorded time inter- .. 
vals included uterine incision to total deliv- = 
ery (U-D), skin incision to total delivery | 
(S-D), induction of anesthesia to delivery ^. 
(I-D), total surgical time (TST), and de- 
livery time to sustained respiration CTSERO oo 
Infant observations consisted of Apgar-min- 
us-color scores (A-C),* weight, and esti = 
mate of gestational age. Pediatricians as- 
signed Apgar scores, while a member of the — 
anesthesia team other than the person ad-. 
ministering the anesthetic obtained maternal | E 
and physician responses concerning anes- ^. 
thetic satisfaction. Mothers and patients ` 
were asked to rate their anesthesia as excel- _ 
lent, satisfactory, poor, or very bad. m 










Informed patient consent was obtained: 3 
during the preanesthetic visit after a thor- . 
ough explanation of anesthetic technics and - 
maternal arterial puncture. 


RESULTS 


A previous study® showed that infant and 
maternal effects of low-dose methoxyflurane 
and trichloroethylene anesthesia are indis- 
tinguishable, so we have pooled the data 
from these 2 groups under the heading of 
"General Anesthesia." Characteristics 











ANESTHESIA AND ANALGESIA . . 


. Current HIR hes Vor. 56, No. 2, MARCH-APRIL, 





1977 


TABLE 1 deis 
Characteristics of Women Undergoing Cesarean Section 








ta | Mean 
Age, years 29.3 
Height, em 154.4 
Weight, kg 64.6 
Gravidity 2.5 
Blood pressure, torr 

Systolic 123.2 

Diastolie 82.7 
Pulse rate 91.9 
Heb, gm 12.5 
Gestation time, weeks 38.2 
Infant weight, kg 3.3 


General anesthesia (n — 20) 


£pidurat RE qam 15} 


d ———————————— ÉSTE ERE ER HE 


SE Mean SE f level 
1.8 29.4 1.4 NS 
2.0 159.3 1.8 NS 
1.9 76.8 3.8 «0.01 
0.3 2.5 0.3 NS 
9:2 114.3 3.2 <0.06 
2.3 75.0 3.0 «0.05 
3.5 89.2 4.1 NS 
0.2 12.6 0.2 NS 
0.2 38.7 0.3 NS 
0.1 3.4 0.1 NS 


NS = not significant. 


(tablel1) in both groups were comparable 
with the exception of greater weight and 
lower preanesthetic blood pressure in epi- 
dural subjects. 


'The mean volume of 0.5 percent bupiva- 
caine used in the epidural group was 19.4 
ml. This is weighted on the high side by one 
patient who required a very large volume 
(35 ml) to achieve a T, sensory level. The 
mean sensory level was T, preoperatively 
and T. after operation. Eight of 15 pa- 
tients failed to tolerate right lateral tilt and 
had to be placed in the left lateral tilt posi- 
tion to maintain blood pressure within ac- 


ceptable limits. A total of 5 patients (3395) 
received IV ephedrine to treat systolic hypo- 
tension below 90 torr not responding within 
3 minutes to left lateral tilt and rapid infu- 
sion of balanced salt solution. Ephedrine 
was given in 15-mg increments, with one 
patient requiring 15 mg, three 30 mg, and 
one 45 mg of vasopressor. Umbilical blood- 
gas and acid-base results did not differ sig- 
nificantly in ephedrine and no-ephedrine 
patients (table 2) except for umbilical 
Paco.. 


In contrast to the epidural group, GA pa- 
tients developed an impressive degree of 


MEAN ARTERIAL BLOOD PRESSURE AND PULSE RATES DURING GENERAL ANAESTHESIA 
AND EPIDURAL ANALGESIA FOR CAESAREAN SECTION. 












Puise fote / Minute 
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gesia for cesarean section. 
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Time in Minutes Post Anaesthetic induction 
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«a Mean Arterial Blood Pressure with Epidural Anoigesia 
~m wm Mean Pulse Rate with Epidural Anaigesia 

^^ Meon Arteriat Blood Pressure with General Anaesthesia 
m Mean Puise Rate with General Anaesthesia 


Soe ba 


$ ô 


induction of General Anoesthesio & Injection of Analgesic 
Dose of Local Anaesthetic for Epidural Analgesia. 

@) Skin Incision Generol Anaesthesia Subjects. 

(QD Delivery Time General Anoesthesia Subjects. 

@ Skin incision Epidural Analgesia Subjects. 

© Delivery Time Epidural Anolgesia Subjects. 





26 30 34 38 42 





Mean Arteria! Blood Pressure in mmHg 


FIGURE. Maternal. arterial blood pressure and ‘pulse rates during general anesthesia and epidural anal- 
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TABLE 2 





Ephedrine [n — 5} 





Mean SE 
al artery 
7.269 0.022 
— Poos tot 60.8 2.4 
BE, mEq/L cdd 1.0 
Poa, torr 23.6 1.7 
ee ne Ob 48.2 6.0 


BE = babe exces: 
10, = arterial hemoglobin O, saturation. 


x 


;. Svo, = venous hemoglobin O, saturation. 





hypertension (figure). Many GA patients 

developed tachycardia and hypertension im- 

. mediately following tracheal intubation, per- 
sisting until delivery was accomplished. The 
mean dose of thiopental was 173 mg, and a 
mean dose of 453 mg of succinylcholine, 
including the 100-mg intubation dose, was 
given during the operative period. 


Maternal Pao. at the time of uterine 
incision was significantly higher in the epi- 
dural group (table 3). It is interesting to 
“compare this finding to those in the umbili- 
eal vessels, where no statistically significant 
difference exists between O. tensions. The 
H of both umbilical artery and vein was 

gnificantly lower in the epidural group. 
| mbilical-artery and vein CO. was signifi- 







cantly greater in the epidural group but re- 
‘mained within normal range. There was a 
greater (but not significantly greater) base 
deficit in the umbilical-cord samples of the 
GA group. Transplacental differences are 
-statistically significant for O, alone 
Bee 


(table 


< Apgar scoring revealed no difference at 
e 5-minute level, while all epidural in- 
s scored 8 at 1 minute, in contrast to 75 
nt of GA infants (table 5). The gesta- 
ge of the two infant groups was vir- 
the same. TSR was less than 10 sec- 
in 2 epidural babies and often 10 to 









= Comparison of Umbilical-Vessel Acid-Base and Blood-Gas Values in 
. Infants of Women with Epidural Analgesia With and Without DEDE 





ye nea i rent ——————————— ——! nU 


Mean SE Plevel 

7.311 0.013 NS 
51.8 2.9 <0.05 
-1.3 0.6 NS 
23.2 1.7 NS 
50.2 4.9 NS 





20 seconds after GA, with 1 infant requir- 
ing 3 minutes to establish sustained respira- 
tion. 


In the time-interval categories (table 6) uU 
I-D and U-D were considerably longer and... 
TST shorter in epidural patients. Mean  . 
blood loss was 102 ml greater in GA patients = = 
(table 7). Obstetricians were the least criti- ^. 

cal of either technic, while anesthesiologists RU 


tended to place fewer anesthetics in the 
"excellent" category (table 8). Patient satis- 
faction was slightly greater with the epidural 
technic. 


DISCUSSION 
Various studies in the past have conclud- 


ed that fetal depression after CS is less com- E 
mon with conduction technics as opposed to —. — 
GA.*5 Epidural compared to spinal anal- ^ 
gesia produces significantly less maternal 
hypotension and deviation of newborn acide = 
base status." Crawford's technic! of GA min- ~. 


imizes the depressant effects of inhalation 


anesthetics, with the added advantage of =€ 
providing 66 percent inspired O, concentra- .— - 
tion. Marx and Mateo!" have shown that = 


maternal and fetal O, tensions and fetal 


blood Sao, and O, content rise significantly - T 
with increases in inspired O. concentration. — 


Crawford! demonstrated that with this 


technic of GA, there is no correlation of I-D 



















Pco;, torr 


BE, mEq/L 


MA; 


pH 
Pco;, torr 
BE, mEq/L 


Pon tote 


BÍ 


pH 

Pco,, torr 
BE, mEq/L 
Po., torr 


SaO, Ob 


dv 


pH 


. Pcos, torr 
BE, mEq/L 


Po,, torr 


Sv0z, G 


"General anesthesia (n = 20) 


Mean 


7.447 
28.7 
—2.6 
98.4 


7.474 
25.1 
—3.0 
313.4 


7.323 
47.2 
—1.8 
22.1 
49.3 


7.380 
37.9 
—1.9 
35.4 
79.7 


erar stie eth frr i rl LLL A 


IRI Hi ag ia iH e e rrr a d rrr rm t aeree are ara 


0.007 
1.2 
0.5 
1.4 
2.3 


2 Maternal a and Umbilical- Cord A Acid. Base Blood-Gas Values - 
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Epidural analgesia n= Bue. Zr 


SE 


0.007 
0.8 
0.5 
2.1 


0.008 

0.9 

0.5 
25.0 


0.012 
2.9 
0.5 
1.2 
3.7 


0.009 
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P level 





NS 
NS 
NS 
NS 


«0.05 
«0.02 
NS 
«0.05 


«0.05 
«0.02 
NS 
NS 
NS 


«0.07 
«0.05 


MA,= maternal arterial sample prior to anesthesia. 
MA, = maternal arterial sample at uterine incision. 
 UA= umbilical artery. 

EN UV = im = umbilical vein. 







TABLE 4 
 Transplacental Differences in Acid-Base and Blood-Gas Values 










General anesthesia (n — 20) Epidural analgesia (n — 15) 





Mean SE Mean SE P level | 








| = me» mEq/L 








0.085 


—13.7 


—1.4 
347.0 


NS 
NS 
NS 
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TABLE 5 time with newborn status if. I-D is less TU 

3 .pgar (Minus Color) Scores 30 minutes. The concentrations of inhala- 

ae tion agents used until delivery of the. infant |. 

frd addis are analgesic rather than anesthetic and do — 
anesthesia Epidural anesthesia Epidural — not cause newborn depression. The depres- 
m 20) — (mi 15) (n= 20  (— 13 cant effect of thiopental, though minimal in 
the doses used, becomes less of a problem 

the longer the I-D interval. Therefore, we — 





















15 15 20 15 A 
did not attempt to delay induction until — 
7 2 0 0 0 just prior to surgical incision. When: higher. m 
6 2 0 0 0 concentrations of N.O or methoxyflurane. a 
2 1 0 0 0 used, it is important to shorten the ` 
<3 0 0 0 0 time as much as possible. In this study. 
ND feel we compared ideal forms of the. 2 2m 
A-C: Apgar minus color. dalities studied. EU 


TABLE 6 


Time Intervals During General Anesthesia and Epidural Analgesia | 
for Elective Cesarean Section 


General anesthesia Epidural analg i 


e € ————— nent inten eere e HA e i 


m""————————— — ———————— PRG € EE 


tal surgical time (TST), min 





esthetic induction to delivery (I-D), min 
- Skin incision to delivery (S-D), sec 444 9d 436 40 
|. Uterine incision to delivery (U-D), sec 78 8 102 10 


TST: total surgical time. 

E I-D: induction of anesthesia to delivery. 
OSA skin incision to total delivery. 

= U-D: uterine incision to total delivery. 





TABLE 7 


Comparison of Blood Loss During Cesarean Section with General Anesthesia 
and Epidural Analgesia 





Preoperative Hgb, gm 72 hours postoperative Hgb, gm Measured blood loss, mi 








m CU NE ERN DÉC COME a DNE GEI GENE ND 
_ General anesthesia 125 02 20 113 03 18 678 96 19 
Epidural analgesia 1286 02 15 122 03 13 576 92 v 
p level NS NS NS ue 
NS = not significant. cor 
TABLE 8 
Satisfaction with Anesthetic 
Patient Obstetrician Anesthesiologist g E 
General Epidural General Epidural Genero! Epidu rat 












(n — 20) in — 15) {n — 20) [nz 15) (n 20] 


11 
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2 
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All our patients were kept in a lateral tilt 
position to minimize aortocaval compres- 
sion. Improved fetal oxygenation and acid- 
base values result when the lateral tilt posi- 
tion is used.!! Because our surgeons prefer 
to operate from the right, we used the right 
lateral tilt position when possible. Downing 
and associates!! state that there is no differ- 
ence between the right and left lateral 
tilt positions. Our findings conflict with 
Downing's, since 8/15 epidural patients de- 
veloped hypotension during right lateral 
tilt and had to be switched to a left tilt. 
Since the inferior vena cava is positioned 
to the right of midline, some degree of vena 
caval compression may still occur with the 
tilt to the right. Drummond and colleagues, 
in a study of lower-limb blood flow in preg- 
nant women, concur that a leftward tilt is 
more effective in preventing caval compres- 
sion.!* 


Five of 15 epidural patients required vaso- 
pressor to raise systolic levels to above 90 
torr. The difference in umbilical artery pH 
(table 2) with ephedrine as opposed to no 
ephedrine in epidural infants is probably 
not of clinical significance in the presence 
of virtually identical base-excess values. 


The degree of hypertension and tachycar- 
dia during GA is also of concern. It is not 
surprising that these occurred, since our GA 
was intentionally light to avoid fetal depres- 
sion. Recall of intraoperative experiences 
did not occur in our series, but Crawford? 
has found a 1 to 2 percent incidence of recall 
or unpleasant dreams in a larger series of 
patients receiving 0.2 percent concentrations 
of trichloroethylene or methoxyflurane. Sym- 
pathetic ganglion stimulation by succinyl- 
choline might also have contributed to the 
hypertension and tachycardia. The slightly 
higher preoperative blood pressures in GA 
candidates may have been due to more anx- 
ious patients choosing this technic. 


‘The tendency toward lower blood loss 
with LEA might be explained by lower 
blood pressure. Moir!? postulates that, dur- 
ing EA, reduced venous pressure from sym- 
pathetic nerve block permits small gravita- 
tional forces to empty veins and thereby re- 
duces bleeding at operation. 


Maternal blood-gas and acid-base balance 
differed primarily in Pao, and pH (table 3). 
Higher Pao, in the epidural patients is not 
surprising, since they received 100 percent 
as opposed to 66 percent O.. High inspired 
maternal O, during EA benefits the neo- 


nate. According to Khazin's group,'? the 
fear of fetal acidosis during maternal hyper- 
oxia is unfounded. Ventilation and perfusion 
abnormalities from diaphragmatic elevation 
caused by the pregnant uterus, surgical re- 
traction, and abdominal packing may ex- 
plain the large alveolar-arterial gradient in 
parturients breathing 100 percent O. during 
EA. Maternal hyperventilation to a mean 
Paco. of 25.1 and pH of 7.474 in our GA 
series did not produce a maternal artery- 
umbilical vein pH gradient differing signifi- 
cantly from that of the epidural group (0.094 
versus 0.085). 


Umbilical-artery acid-base findings, though 
quite good in epidural subjects, were sig- 
nificantly better in GA infants. The most 
likely explanation for this difference is the 
greater U-D time in the epidural group 
(table 6).! Our surgeons, used to operating 
from the patient's right, found it somewhat 
awkward to operate from the left when the 
patient was tilted to that side and thus were 
slower when operating from the left (U-D 
119.3 versus 76.3 sec). 


Another possibility is that the initial 
placement of epidural patients in right lat- 
eral tilt is not as effective in preventing 
aortocaval compression as the left tilt. Even 
transient blood pressure falls prior to chang- 
ing to left lateral might cause mild fetal 
acidosis by compromising uterine blood 
flow. 


Umbilical-vein Pao, was insignificantly 
higher in the epidural group despite an im- 
pressively higher maternal Pao, at the time 
of delivery. Marx!? has demonstrated that 
inspired maternal Pao, of more than 300 
torr is of no additional benefit to the neo- 
nate. High placental and fetal membrane O, 
consumption, the slope of the maternal 
Hgb-O, dissociation curve, and uneven dis- 
tribution of maternal-to-fetal blood flow in 
the placenta have been postulated as causes 
for the large fetal-maternal Po. gradient.!5 


Despite better acid-base status, the 1-min- 
ute A-C scores (table 5) were lower in the 
GA infants and TSR was somewhat longer. 
Methoxyflurane and trichloroethylene in 0.2 
percent concentration delivered to mothers 
for a mean time of nearly 16 minutes could 
account for this initial depression. Diffusion 
hypoxia from N,O is an additional possi- 
bility. In the past, the consequences of new- 
born depression from inhalation agents were 
thought to be minimal if personnel adept in 





~ 
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infant resuscitation are in attendance. Re- 

neurobehavioral studies of the newborn 
to indicate that the effects of GA may 

nere detrimental than previously real- 











hough patient satisfaction seemed bet- 
he epidural group, it is only fair to 
= State that these subjects were for the most 
: part highly motivated and eager to have this 
procedure. Three mothers who had some de- 
gree of discomfort during their operation 
gave EA less than excellent ratings. It can 
be argued that patients having selected EA 
. were therefore biased in favor of that tech- 
. nic. However, those selecting GA were equal- 
ly eager to undergo that (GA) procedure. 
o Thus, if bias were present in patient rating, 
the same degree of bias would presumably 
have been present in both groups. Maternal 
issatisfaction with GA included postopera- 
ve pain, drowsiness, or sore throat. Some 
- complained of having missed the birth of 
their child. Overall satisfaction with both 
= technics was high. Anesthesiologists rated 
. epidural below excellent in the presence of 
a need for ephedrine, slow onset of analge- 
sia, or maternal discomfort. 








Since a member of the anesthesia team ob- 
tained the information concerning maternal 
and physician satisfaction, those responding 
to questioning may have expressed a higher 
degree of satisfaction than really existed. 
So here, too, the same degree of bias should 
probably have pertained. 


CONCLUSIONS 


We have found that for elective CS, both 
CGA and LEA result in well-oxygenated in- 
. fants with good acid-base status. The differ- 

ence in fetal outcome between the 2 technics 
as evaluated in this study is so small that 
one cannot be emphatically recommended 
over the other. Studies of neurobehavioral 
function may show more impressive differ- 
ences. 
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The prevention and control of massive bleeding 
has always been a problem in neurosurgical 
procedures, particularly in patients with arterio- 
venous malformations, intracranial aneurysms, 
and large vascular tumors. During the past 25 
- years, new technics have reduced the risk of 
hemorrhage; however, these have been most 
suitable for adult patients. Vascular intracranial 
lesions during infancy present even more com- 
| plex. problems. 
This is a report of the anesthetic management 
of a 7-month-old infant with an aneurysm of 
the v cerebri magna (great vein of Galen). Anes- 
thetic: management consisted of (1) halothane- 


HE prevention and control of massive 
bleeding has always been a problem in 

| Seu procedures, particularly in pa- 
tients with arteriovenous malformations, in- 
racranial aneurysms, and large vascular 
tumors.! During the past 25 years, controlled 
hypotension with or without hypothermia 
' has emerged as the best technic for reducing 
the risk of hemorrhage in these neurosurgi- 
cal procedures.? This technic has been most 
suitable for adults and older children. Vas- 
cular intracranial lesions occurring in in- 
fancy present a more complex problem. This 
A report describes the anesthetic management 


—. of a 7-month-old infant with an aneurysm of 
T the v cerebri magna (great vein of Galen). 


gh The great vein of Galen is formed by the 
union of the 2 internal cerebral veins and 
drains into the straight sinus. Malforma- 
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N,0-O, general endotracheal anesthesia, (2) 
surface-induced profound hypothermia, and (3) 
low-flow extracorporeal circulation, Phenothia- 
zine premedication was used with halothane 
anesthesia to antagonize reflex vasoconstric- 
tion during hypothermia, hypothermia and low 
cardiac output to lessen the possibility of hem- 
orrhage, aneurysmal rupture, and neurologic 
damage, and surface-induced hypothermia be- 
cause it provides better core perfusion than 
central cooling. This technic allowed a success- 
ful outcome in an otherwise high-risk proce- 
dure. 


tions, which occur when one or more arteries 
feed directly into the great vein of Galen, 
were first described by Steinhol in 1895.4 
Neonates with such anomalies present short- 
ly after birth with right heart failure, in- 
creasing head circumference, or seizure dis- 
orders.* 


CASE REPORT 


A "-month-old, 7.9-kg male infant was 
referred to the Medical University Hospital 
for evaluation of increasing head size. Pre- 
natal development and birth history were 
unremarkable. Postnatal development had 
been normal with the exception of an in- 
crease in head circumference from 37.5 cm 
at birth to 50 cm at 7 months of age. There 
was no history of seizures, hypotonia, cya- 
nosis, or heart failure. Physical findings 
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Intracranial Arteriovenous Malformation. . 








.. Fie 1. Carotid arteriogram, demonstrating a 4.5 
. em massive aneurysm of the great vein of Galen 
^5 {v cerebri magna). 


were normal except for a palpable bruit 
. over the frontal fontanel. A chest roentgeno- 
J. gram and ECG were normal. A skull roent- 
genogram revealed the cranial vault to be 
enlarged. A carotid arteriogram demonstrat- 
ed a 4,5-cm aneurysm of the great vein of 
Galen (fig 1). Laboratory data, including 
hemogram, urinalysis, electrolytes, and clot- 
ting studies, were normal. 
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In view of the infant's good physical con- 
dition and lack of symptoms, surgical cor- 
rection was considered indicated. The major 
concern was how best to approach this le- 
sion in order to minimize bleeding, cata- 
strophic rupture of the lesion, and neurologic 
sequelae. Following cardiovascular and an- 
esthesiology consultations, a technic of pro- 
found hypothermia and circulatory arrest 
was planned. 


OPERATIVE COURSE 


The infant was premedicated with 0.1 . 
ml/kg body weight of “lytic cocktail" * IM, 
45 minutes before operation. This premedi- 
cant provides a smooth induction and an- . 
tagonizes vasoconstriction during hypother- 
mia. Upon arrival in the operating room ` 
suite, the patient was placed supine on a 
thermal blanket set at 10? C. Induction was 
by mask with halothane-N,O-O,, using a 
Jackson Rees modification of Ayre’s T-piece. - 
After induction succinylcholine (40 mg) 
was given IM and the trachea intubated 
with a 4-mm uncuffed Portex nasotracheal 
tube. A venous cutdown was performed and 
the left radial artery catheterized percutane- 
ously. Pancuronium (1 mg) was given IV. 
Maintenance anesthesia consisted of halo- 
thane (0.5 


(6.25 mg), and promethazine (6.25 mg). 
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Fig 3. Anesthesia record during — mia and low flow. 


Bags of crushed ice were applied to the 
lower abdomen and both groins. Following 
this initial preparation, a right parietal 
craniotomy was performed, so that major 
skin bleeding could be controlled before 
heparin administration for cardiopulmonary 
bypass. Body temperature decreased from 
36 to 26? C over a 214-hour period. Blood 
pressure and urine output remained satis- 
factory despite a reduction in heart rate 
(fig 3). 


After the brain had been exposed, a 
median sternotomy was performed. Heparin 
(20 mg) was given IV, followed by place- 
ment of the aortic and vena caval catheters. 
Extracorporeal circulation was started at 
100 ml/kg/min (total flow, 800 ml/min) 
and the infant cooled to 17? C. At this point, 
a low perfusion of 12.7 ml/kg/min (total 
flow, 100 ml/min) was instituted, with a 
mean blood pressure of 20 to 30 torr. Dur- 
ing the 28 minutes of low flow, the 2 large 

.. common arterial trunks entering the mal. 
. formation were clipped. 


Full circulation of 800 ml/min was then 
instituted and the thermal blanket reset 
* 8° C. The gradual rewarming required 
86 minutes (fig 4). When the patient’s tem- 
Suture reached 34° C, bypass was discon- 
wed, Heparin was then antagonized with 







protamine sulfate (6 mg/kg). Blood: pres-. d 
sure continued within satisfactory limits. 
Left atrial pressure was monitored for fluid 
administration. Platelet concentrate (50.ml), 
fresh frozen plasma (200 ml), whole. blood 
(1000 ml), and D/5 lactated Ringers- (500. 
ml) were administered to maintain left. 
atrial pressure at 10 torr. Total blood log E 
was estimated at 600 ml and urine output at 
312 ml over the 7-hour operation. Arterial. 
blood was sampled at intervals and remained | 
within satisfactory limits (table 1). 







Following surgery, the infant was taken 
to the intensive care unit and placed on a 
Bourne ventilator with an Fio, of 0.4. From . 
the cardiopulmonary viewpoint, the infant — 
remained stable and was weaned from the 
ventilator and extubated 19 hours postopera- 
tively. However, he experienced focal seiz- —. 
ures and a transient left hemiparesis within. .— 
the first 24 hours. No further seizures oc- ..— 
curred after the 6th postoperative. day. At (0 
the time of discharge, he was moving the _ 
left arm and leg spontaneously, althoug ha 
minimal left hemiparesis remained. Sa 










Follow-up examination one month later E 
found the infant to be completely normal.  . 
de head circumference had decreased to 

45.5 em, with a soft anterior fontanel. 
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‘Fie 4. Anesthesia record, TOM prompt return of vital signs with rewarming. 


DISCUSSION 


There have been few reports of successful 
methods for managing intracranial arterio- 
venous malformations in infancy.'? Tech- 
nics utilizing hypothermia or hypotension 
. had been previously described, but the re- 


-sults had varied widely. 


We had previously used a successful tech- 
nic of profound hypothermia with circula- 
tory arrest for correction of congenital intra- 
cardiac defects in infancy." The rationale 
for this technic is that O, consumption falls 
as body temperature is reduced, provided 
that the patient is prevented from increasing 
his O. consumption by shivering or non- 
shivering thermogenesis. Theoretically, cir- 

culation can be safely occluded for 16 to 40 

minutes at a temperature of 16 to 22°C 
(table 2). In actual clinical practice, the 
circulation has been safely occluded for over 
60 minutes at the same temperatures." 


It was on the basis of this background 
that we elected to use a technic of profound 
hypothermia. with cardiac arrest. Profound 
hypothermia is produced by a combination 


^ ef surface and core cooling. This combina- 


É _ tion is superior to core cooling alone because 
it provides less. capillary shutdown, less tis- 
sue temperature : variation and redistribution 


TABLE 2 
Theoretic O; Consumption and Safe Period 
for Total Circulatory Occlusion at Different 
Body Temperatures* 





Safe period far 


ecd. eu Cus 
31 100 4-5 
29 50 8-10 
22 20 16-20 
16 12 32-40 
10 6 64-80 
6 3 128-160 





*Adapted from Gordon AS, Moyer BW, Jones JC: 
J Thorac Cardiovasc Surg 40:787-799, 1960. 


Reprinted with permission from the publisher. 


of blood flow and heat after arrest, less 
metabolic acidosis, and a shorter period of 
extracorporeal circulation. Although we 
had planned to totally arrest the circulation, 
the combination of hypothermia with re- 
duced circulatory perfusion provided ade- 
quate exposure for repair of the aneurysm. 


Prior to using this method, a number of 
factors were considered: advantages such as 
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better accessibility, mobilization, and repair 
Xf the aneurysm; a reduced risk of rupture 
neurologic damage; and less blood loss 
re carefully weighed against such possi- 
disadvantages as reactionary and post- 
ative hemorrhage, the possibility of false 
ty, and greater procedural complica- 








— A final factor is the importance of close 
© -cooperation between the members of the 
. anesthesia and surgical teams. 
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MEDICAL SYMPATHECTOMY. . 


Early sympathectomy favorably affects the healing of frostbite injuries. However, = * l 
surgical sympathectomy may not be practical in acutely injured patients while per- o = 4 


manent impotence is a hazard with bilateral lumbar 
of lower extremity injuries in males. The authors report the use of regional intra- 9. - 
arterial sympathetic blockade with reserpine (0.25-0.50 mg) injected into the femoral ` 
or brachial artery in 5 patients with frostbite, n 
use of low doses thus avoiding significant side effects associated with systemic admin- - 
istration. Regional sympathetic blockade was associated with decreased vasospasm - 
(arteriogram documented), relief of pain and accelerated healing. Regional sympathec- . 
tomy with intra-arterial reserpine seems an effective treatment for acute or chronic < 
a frostbite injuries. (Porter JM, Wesche DH, Rosch J, et al: Intra-arterial sympathetic. - 
5 blockade in the treatment of clinical frostbite. Am J Surg 1832:625-630, 1976) =~ 





sympathectomy for treatmen i o 













Intra-arterial injection permitted the 
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Tests of Minimal Obstruction in the Small Airways: 
Interrelationships and Physiologic Significance 


THOMAS J. GAL, MD* 


Several technics have become popular to detect 
airway obstruction in the small (<2 mm diam- 
eter) peripheral bronchi which appear to be the 
site of the early lesions in chronic obstructive 
pulmonary disease (COPD). These include de- 
termining maximal midexpiratory flow rate 
(MMFR) from the expiration spirogram, maxi- 
mum expiratory flows at low lung volumes from 
the maximum expiratory flow-volume (MEFV) 


cco, eurve, a comparison of flow-volume curves dur- 


ing air and helium/O. breathing, demonstration 
of frequency dependence of compliance, and the 


Me’ patients who are heavy smokers, 
and are thus suspect of having ob- 
structive pulmonary disease, are free of re- 
spiratory symptoms and exhibit relatively 
normal findings on clinical spirometry. As 
—esuch, they probably do not constitute a 
group at high risk for developing postopera- 
tive pulmonary complications.! Neverthe- 
_less, many of these patients exhibit surpris- 
ingly abnormal respiratory gas exchange.*? 
The latter may be exaggerated by anesthe- 
sia and surgical operation, and should excite 
some concern on the part of the anesthesi- 
ologist, as it has the physician in general 
medical practice whose interest in identify- 
ing this subclinical respiratory dysfunction 
is based on the assumption that early thera- 
peutic intervention may alter the course of 
obstructive pulmonary disease and prevent 
its progression to chronicity. 


Identifying these patients, however, is dif- 
ficult, because the early lesions in chronic 
obstructive. pulmonary disease (COPD) 
develop: peripherally in the lung at the 
level of the terminal bronchioles, whose di- 
ameter is less than 2 mm.® Macklem and 
Mead? have demonstrated that the resist- 


*Assistant Professor of Anesthesiology, University of 
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measurement of closing volume (CV). This 
discussion attempts to interpret the literature 
relative to these tests, examining their physi- 
ologic basis and clinical significance while relat- 
ing them to the standard spirometric tests. The 
aim is to provide the clinical anesthesiologist 
with a better understanding of the information 
they provide, since their physiologie basis re- 
lates well to the many aspects of abnormal lung 
function which appear during anesthesia and 
the entire perioperative period. 


ance of these small (peripheral) airways 
represents but 10 to 20 percent of the total 
pulmonary resistance, the bulk of which re- 
sides in the larger central airways from the 
trachea to the subsegmental bronchi. 'There, 
linear flow velocity is high but total cross- 
sectional area is relatively small. Measure- 
ments of total airway resistance and con- 
ventional lung function tests reflect princi- 
pally the function of these larger airways. 
Therefore, lung disease affecting only the 
small airways may undergo a phase in which 
there is significant peripheral airway ob- 
struction undetected by routine spirometry. 


Widespread interest in detecting these 
early changes has resulted in several new 
technics which appear useful for recognizing 
subclinical small-airway obstruction. These 
include determination of maximum midex- 
piratory flow rate (MMFR) from the ex- 
piratory spirogram, maximum expiratory 
flows at low lung volumes from the maxi- 
mum expiratory flow-volume ( MEFV) curve, 
and a comparison of flow-volume curves dur- 
ing air and helium/O, breathing. Other 
approaches such as the demonstration of fre- 
quency dependence of compliance and the 
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measurement of closing volume (CV) have 
njoyed similar popularity. 











; Although abnormalities in these tests are 
monly regarded as evidence of small- 
ay. obstruction, their physiologic impli- 
ons are hardly so simple. 'This discus- 
1 will attempt to examine the physiologic 
sis for these tests while relating them 
wherever possible to the traditional lung 
function tests derived from spirometry. The 
aim is not merely to assess the relative mer- 


SYMBOLS AND ABBREVIATIONS 
USED 


A-aDo.: Alveolar-arterial O, pressure differ- 
ce ence 
` Caya: Dynamic lung compliance 
; Ciis nti Static lung compliance 
OC: Closing capacity 
S ‘COPD: Chronic obstructive pulmonary disease 
fe CV: Closing volume 
|] EFR: Expiratory flow rate 
vb. EPP: Equal pressure points 
So FEEF eisa! Forced expiratory flow between 
“> the first 200 ml and 1200 ml on the FYC 
curve 

FEF,.... Forced expiratory flow over the 
middle 50% of the FVC 

FEV,: Forced expiratory volume expelled in 
1 second 

Fi0,: Fractional concentration of inspired O, 

FRC: Functional residual capacity 

FVC: Forced vital capacity 

MEFR: Maximum expiratory flow rate 

MEFV: Maximum expiratory flow volume 

MMFR: Maximum midexpiratory flow rate 

AP: Pressure change 

Pao,: Alveolar partial pressure of O, 

Pao.: Arterial partial pressure of O, 

Pe: Barometric pressure 

PEFR: Peak expiratory flow rate 

PxH,0: Partial pressure of water vapor 

Pro.: Inspired partial pressure of O, 

P,: Transpulmonary pressure difference be- 
tween alveolar and pleural pressure (usually 
estimated by esophageal pressure minus 

^]. mouth pressure) 

cp -Q: Capillary perfusion 

^| RV: Residual volume 
TLC: Total lung capacity 

AV: Volume change 

Yi: Alveolar ventilation 

VC: Vital capacity 

V,,,v: Volume of isoflow 

Yaa Maximum expiratory flow 

Vande: Maximum expiratory flow at mid- 
point of a forced VC maneuver (when 50°% 
of VC has been exhaled) 

Vaada: Maximum expiratory flow at a lung 
volume equal to 25% of VC (after 75% of 
..." VC has been exhaled) 

Vr ‘Tidal volume 
; Increase in flows at 5065 of VC while 
oeathing helium/O, as compared to flows 
breathing air 
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its or sensitivity of each test but also to 
familiarize the anesthesiologist with the ~ 
functional derangements each reflects and 
thus provide a better understanding of these 
tests as well as of overall lung function. 





The high incidence of pulmonary prob- 
lems in clinical practice and the increasing 
popularity of these new technics suggest 
that the anesthesiologist is apt to encou 
them quite frequently. Therefore, s 
knowledge of their functional implications i: 
essential in approaching the patient with 
pulmonary disease, whether it be to admin. 
ister an anesthetic or to consult | on. a Te 
spiratory problem. 












FORCED EXPIRATORY FLOW RATE 
No discussion of technics for detecting ` 
obstructive airway disease would be appro- 
priate without first reviewing the basic ex-. 
piratory spirogram, or the forced vital ca- 
pacity (FVC) maneuver. Like most tests of 
ventilatory ability, this test originates from 
the measurement of vital capacity? in which 
the subject inspires maximally to total lung 
capacity (TLC), and then exhales slowly 
and completely. In the FVC maneuver, how- 
ever, exhalation is performed as rapidly and 
forcefully as possible. Because of its rela- — . 
tive simplicity, this measurement of single _ 
forced expiration has probably been the most. 
widely used test of ventilatory impairment, aue 
particularly of established obstructive tg 
disease. 11 









There have been many enrages to Vu 
analyzing the information from the FVC > 
maneuver; however, the peak expiratory ^. 
flow rate (PEFR), the MMFR, and forced - 
expired volumes at different time intervals 
have been the most common indices used. 
Each is a test in its own right, reflecting gas 
flow along the various portions of the re- 
spiratory tree. Abnormal values in the face 
of maximal effort are ordinarily interpreted _ 
as evidence of airflow obstruction. 


Expiratory Peak Flow.—The measure- 
ment of maximum instantaneous expiratory 
flow or "peak flow" has been widely used 
because it is simple and easy with the 
Wright Peak Flow Meter. The PEFR is de- i 
fined as the highest flow sustained for at. 
least 10 msec.? Although it cannot be meas- 
ured directly from the expiratory spirogram, 

a comparable, albeit slightly lower, value, 
the maximum expiratory flow rate (MEFR) "ts 
can be derived by taking the average rate 
of flow over a 1-L segment of volume during 
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Fic 1. Typical appearance of the spirometer trac- 
ing during a forced vital capacity (VC) maneuver 
in a normal subject. FVC = forced vital capacity; 
FEV,, = forced volume in 1 second: MEFR = 
maximum expiratory flow rate, the average rate 
of flow between 200 and 1200 ml of expired vol- 
ume (often designated a as forced expiratory flow — 
FEF.,,.,. MMFR = maximum midexpiratory 
flow rate. 


the early portion of the trace (fig 1). Usu- 
ally the segment between 200 and 1200 
ml of expired volume is chosen; hence, 
the measurement is often referred to as 
FEF 555.1296 ,!? the subscript designating the 
volume segment used. 


The peak flow rate is measurably affected 
by obstruction of the larger airways and is 
particularly responsive to bronchodilators. 
Normal values for males under age 40 are 
about 500 L/min.!! Lower values are found 
in females and older individuals. In the 
. presence of good patient effort and coopera- 

tion, marked reduction in values to less than 
200 L/min suggests impaired coughing effi- 
ciency, since the latter is highly dependent 
on expiratory flow. The measurement is ac- 
tually influenced by the many facets of lung 
function which relate to pulmonary disabil- 
ity, and in this respect correlates well with 
-another comprehensive test, the maximum 


_. breathing capacity,!? but has the advantage 
-of being far less exhausting and unpleasant 


-for the patient. As such, it provides the an- 
esthesiologist with a valuable tool to quick- 
ly appraise surgical risk at the bedside. On 
the other. hand, the measurement is highly 
dependent on patient effort and thus quite 
variable. In addition, the lack of specificity 
for. any single facet of lung function renders 
it a rather oes Sereening tool for the 
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as a E senati of expiratory 
air-flow obstruction. 13: Here the average rate 
of flow is quantitated during the middle half 
of the FVC curve between 25 and 75 per- 
cent (fig 1). Since it represents the flow 
between the 25 and 75 percent points on the 
forced expiratory spirogram, it is not truly 
a “maximum” flow, since the latter occurs 
at a point closer to the TLC. Hence, the 
term forced midexpiratory flow has been 
advocated,!" with the more precise symbol 
FEF 95.1507, 


Nevertheless, by considering only the mid- 
point of the FVC, this measurement elimi- 
nates the initial highly effort-dependent 
and more variable segment of the trace. The 
middle segment has been shown to be large- 
ly independent of patient effort and is 
slowed by obstruction of smaller airways. 
Because of this, the MMFR has enjoyed 
acceptance as an indirect measure of airway 
resistance, and recently has been advocated 
as a sensitive test for early detection of 
small-airway disease.14 


Evidence that the MMFR provides a good 
indirect estimate of airway resistance!^.!9 
suggests that it is not solely dependent on 
frictional resistance of the small airways but 
is also influenced considerably by the caliber 
of the large airways. Thus, it may not be 
altered appreciably until disease is suffici- 
ently advanced to involve the latter. Fur- 
thermore, clinical application of the MMFR 
has been limited by the wide range of nor- 
mal values reported by most investigators. 
This is evident in the original data of 
Leuallen and Fowler,!? which show a rela- 
tively large coefficient of variation (SD/ 
mean X 100). Since deviations from the pre- 
dicted normal are hard to interpret, some 
authors have gone so far as to suggest that 
one can be no more precise than to accept 
the value of 1.79 L/sec (107 L/min) as the 
lower limit of normal, regardless of such 
other factors as age and body size.!* 


Despite these difficulties, however, the 
clinical usefulness of measuring MMFR is 
supported by McFadden and Linden,!* who 
found that cessation of smoking and bron- 
chodilator therapy would reverse the func- 
tional abnormalities. Their results suggest 
that despite any lack of specificity and sen- 
sitivity, the MMFR is affected by poten- 
tially reversible and hence relatively early 
stages of obstructive lung disease. 


Time Expired Volumes.— By far the most 
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ommon method of quantifying the FVC 
aneuver relates the volume of forcibly 
ed air to a specific time interval. Vari- 
time lengths have been used since the 
as introduced by Gaensler;!* however, 
ume exhaled in 1 second, or the forced 
e expired in 1 second (FEV,), is the 
popular. Results are designated as the 
lute volume exhaled (corrected to 
— BTPS*), or more commonly as a percentage 
of the FVC. Normally, an individual can 
. exhale 70 to 80 percent of his VC in 1 sec- 
. ond; the remainder may take 2 additional 
. seconds, Patients with significant airway 
E bstruction are able to exhale much less 
volume in the lst second and require a 
much longer time to deliver the entire vol- 





















The FEV, is an easily measured index of 
irflow obstruction and correlates well with 
unctional impairment. Nevertheless, it is 
elatively insensitive to increases in the 
rictional resistance in small airways, which 
. are important at the low lung volumes near 
-the terminal portion of the FVC maneuver. 
— Rather, the FEV, represents the integral of 
flow over the Ist second of the maneuver, 
. most of which occurs at relatively higher 
lung volumes.!? Thus, like the peak flow 
rate, it is highly dependent on patient effort 
. as well as on the resistance of the larger air- 
ways. The value of FEV, as a screening test 
is thus limited by the extent to which dis- 
ease involves these airways. This helps to 
explain its relative lack of sensitivity in de- 
tecting early obstructive disease. 





. Maximum Expiratory Flow-Volume Curve. 

. —A major advance in understanding the 
. physiology of forced expiration evolved from 
< the work of Hyatt and coworkers,?? who de- 
fined the relationship of expiratory flow rate, 
transpulmonary pressure, and degree of lung 
inflation. They noted that maximum expira- 
tory flow begun at high lung volumes was 
directly related to subject effort. On the 
other hand, as lung volumes decrease, in- 
creasing effort failed to produce increases in 
flow. Flows at these volumes had their own 
reproducible maximum regardless of subject 
. effort. If, during the performance of the 
-FVC maneuver, this maximum expiratory 
flow (V4,,) is plotted on the Y axis of a 
t-response recorder and the corresponding 
ume on the X axis, the result is a 2-dimen- 
I diagram, the MEFV curve.?! This is 











PS: body temperature, ambient pressure, H,O- 
saturation. 
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Fig 2. Schematic comparison of the ma 
expiratory flow volume (MEFV) curve to the 
ard timed VC. Curves typical of a normal: sub : 
and one with chronic obstructive lung disease ^ 
(COPD) are compared. The timed VC has been  - 
rotated 90^ from its usual axis to provide a direct — — 
comparison. V,,,. = maximum expiratory flow, cor- ^. 
responding to “peak flow." V,,..,« = maximum | 
flow at 50% of VC, or 50% of expired volume, 
corresponding roughly to maximum midexpiratc E 
flow rate (MMFR). Y,...« <= maximum fl 
25% of VC (after 7595 of volume has been. exhal HL 
TLC = ` total lung capacity. RV = residual volume. pm 
FEV, , — forced expiratory volume in 1 geb Ain TNN 











sometimes confused with the maximum 
effort flow-volume loop, in which maximal  . 
inspiratory and expiratory flows are plotted — 
as functions of lung volume. 'The latter 
measurement has proven useful in demon- _ 
strating obstructive lesions of the 1 major air- 2d 
Ways. ^ 





On the conventional spirogram, Bow jg 
represented by its integral volume. The flow- 
rate at any given lung volume can be deter- 
mined by drawing a tangent to any point, 
but this is subject to considerable error. The 
MEFV curve, on the other hand, allows a... 
direct measurement of flow throughout the — 
course of expiration. The advantage is. j- 
parent from figure 2, which plots | the fl 
volume curve as well as the. conven 
time-volume diagram for an FVC m: | 
From the same diagram, the basic nature of 
the FEV, becomes more apparent: It. con- 
sists largely of the effort-dependent peak 
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flow rate, although. the. flows at lower T 
volumes also contribute to its values. 


The Vmax on the MEFV curve corresponds 
to the peak expiratory flow. In addition, the 
flow at 50 percent of vital capacity (Vj, 
5095) approximates the MMFR obtained 
from the conventional FVC curve. The 
MEFV curve embraces all the components 
of the FVC maneuver in compact form and 
as such expresses the overall mechanical 
behavior of the lungs during a forced ex- 
piration. It represents the contribution of 
numerous long units, not all of which have 
identical mechanical properties. The slope 
of the curve is approximately 2.4 lps/L in 
normal individuals.?? The reciprocal of this 
slope is said to approach the mechanical 
time-constant of the lung, the time it takes 
the lung to empty to 37 percent of its initial 
volume. Similarly, the time it takes a lung 
to fill depends on its time-constant, which 
is the product of its resistance (R) times 
its compliance (C). Thus the time-constant 
(t) equals R x Ct 


'The overall character of the MEFV curve 
is influenced by several factors, includ- 
ing the physical properties of the gases 
breathed.?^» For example, gas mixtures with 
increased density provide added mechanical 
impedance to flow. A similar reduction in 
peak flow pattern is more commonly asso- 
ciated with increased airways resistance, 
as in asthma or bronchitis. Since resistance 
is increased, the time-constant of lung em- 
ptying (R x C) is elevated and exhalation 
is also prolonged. Similarly, severe emphy- 
sema with decreased elastic recoil and hence 
increased compliance will also reduce the 
slope of the MEFV curve, since the me- 
chanical time constant (R x C) is again 
increased. The opposite effect, an increased 
slope with increased elastic recoil, has also 
been demonstrated by chest strapping.?* 


When ventilation is distributed evenly, 
the MEFR is determined by a combination 
of 3 factors: (1) the static elastic recoil 
pressure of the lung, (2) the cross-sectional 
area of the large airways, and (3) the fric- 
tional resistance of small airways. The 
elastic recoil pressure is important through- 
out the whole range of the VC as an effec- 
tive driving pressure for maximal expira- 
tory flow. Whatever flows result are influ- 
enced. principally by the cross-sectional area 
of the large airways at high lung volumes 
and frictional resistance of the small air- 
ways at low: lung volumes, respectively. 'The 
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damer of reduced expitatory flow rates 
are thus dependent not only on the extent 
but also on the site of various diseases. 


For example, in advanced emphysema or 
bronchitis, such as is labeled COPD in figure 
2, flow rates at all lung volumes are reduced 
because all three of the above factors are 
abnormal. In mild or early disease, however, 
lung areas which are relatively normal make 
the largest contribution to flow and result 
in a relatively normal initial portion of the 
flow-volume curve. Thus, flow at high lung 
volumes, and any measured volumes which 
include them, such as FEV,, are not sensi- 
tive indications of early airway obstruction. 
The more slowly emptying lung units make 
their contribution to flow later, at low lung 
volumes where the relatively greater resist- 
ance to flow provided by the small airways 
predominates. 


This increased frictional resistance of 
small airways at low lung volumes has di- 
rected attention to flows at low lung volumes 
at the “foot” of the MEFV curve; reduc- 
tions in V4,,2595, after 75 percent of VC 
has been expired, have been suggested as 
indicating abnormality in the small airways. 
Reduced values have been noted in smokers 
as compared to nonsmokers, whereas no such 
differentiation was possible on the basis of 
FEV, measurements.?? Unfortunately, nor- 
mal variations make quantitation and inter- 
pretation of these flows at low lung volumes 
sometimes difficult. Thus, while they may 
specifically reflect the state of the small air- 
ways and afford a useful comparison of pop- 
ulations or groups, they are less able to 
establish with certainty whether a given in- 
dividual is normal or slightly abnormal. 


MEFV Curves After Helium/O. Breath- 
ing.—Because of this difficulty in defining 
abnormal flows at low lung volumes, a mod- 
ification of the maneuver has been devised 
to better detect mild airway obstruction. 
MEFV curves drawn after the inspiration 
of a gas mixture of low density (80% He 
and 2095 O,) are compared with those ob- 
tained while breathing air. As noted previ- 
ously, Vmax in normal individuals is depen- 
dent on the density of the gases breathed. 
However, this is true during the FVC ma- 
neuver only as long as the equal pressure 
points (EPP) remain predominately in the 
larger airways, where most of the resistance 
to airflow is due to convective acceleration 
and turbulence,?? both of which are density 
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. Xi; 3. Maximum expiratory flow volume ( MEFV) 
C curves breathing air are compared to those after 
-breathing a helium/O, mixture. The point at which 
-flows are identical with both gas mixtures is termed 
“volume of isoflow" (V,,,V). VisoV is measured 
jn that point to residual volume (RV) and ex- 
ed as a percentage of VC (% VC). Asso 
Tease in flow at 5065 of VC while breathing a 
um/O, mixture compared to that breathing air 
usually expressed as 65 of Yaasso dn Bir). TLC = 
tal lung capacity. 














^ dependent.* At lung volumes below 25 per- 
-cent of the VC, the EPP move upstream 
toward the alveoli and lie in the smaller 
peripheral airways where resistance to lami- 
nar flow predominates. 


Reductions in gas density, such as occur 
after breathing He, do not significantly alter 
resistance to laminar flow, since the latter 
is independent of gas density.?? Therefore, 
the increased flows which result from the 

He/O, mixture no longer occur and flows 

are identical to those with air breathing. 
— The lung volume at which this occurs is 
-=the volume of isoflow (V,,,V),?! as shown 






. in figure 3, usually measured from residual 
< volume (RV) and expressed as percentage 
- ^of VC. Another means of analyzing the He 
response compares the flow at 50 percent of 
VC with He/O, to that breathing air. The 
increase in flow with the He mixture is ex- 
pressed as a percentage of the flow in air 
and is designated as AVinaxso- 


M 


*During forced expiration, there is a gradient of 
diminishing pressure down the airway from the 
alveoli to the mouth. Because of this, there are 
points within the airway where lateral airway pres- 
| gure is exactly equal to pleural pressure; the intra- 
..mural and extramural pressures are equal. These 
le the equal pressure points. Downstream from 
;PP, toward the mouth, there exists a trans- 
| pressure tending to narrow or close the 
iv. At high lung volumes, EPP are located 
it the level of the lobar bronchi. They move 
matical upstream (toward the alveoli) as 
lume decreases.” 
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Macklem and associates?? imply that, in. 
patients with obstructive lung disease, be- 
cause of diminished elastic recoil and in- 
creased resistance of small upstream air- | 
ways, the EPP lie in the small airways even 
at higher lung volumes. As a result of this. 
peripheral airway obstruction, AVinaxso de- - 
creases and V,,,V increases. Asymptomatic 
smokers, because of their increased small 
airways resistance, would be expected ti 
demonstrate a value for V,,,V greater thai 
normal. The V,,,V in normals usually oct 
at 10 to 15 percent of VC. A value greater — 
than 25 percent would be considered ab- | 
normal. The latter was a consistent finding . 
in asymptomatic smokers with no demon- 
strable abnormalities on standard pulmo- 
nary-function tests3%33 An abnormal . 
AVmaxso Was found less often, suggesting = 
that the measurement of V,,V is perhaps ^. 
more sensitive?" B 

















Nevertheless, the explanation for the re- 0c 
duced values for AVwmaxso and elevated. ^. 
V,,V in smokers seems to lie solely in the 
properties of the small airways rather than 
in changes in elastic recoil?93* It would 
appear, then, that comparison of He/O, and 
air MEFV curves provides both a sensitive 
and specific method for detecting abnormal 
peripheral airway function.?? Since the tech- 
nic requires only a spirometer, an X-Y re- 
corder, and a tank of each gas, it has the - 
potential for widespread use. 





In summary, measurements that are high- | 
ly dependent on patient effort reflect mainly | 
the character of the large airways. Thus 
peak flow, MEFR, FEF.5,,1200. and FEV, ET. 
would be reduced in the presence of large- | 
airway obstruction and/or other factors... 
which reduce effort. The effort-independent |. < 
parameters such as MMFR and Vyaxso — 
are reduced, usually, though not exclusive- _ 
ly, in the presence of small-airway obstruc- 
tion, since their correlation with airway re- 
sistance measurements suggests they reflect - 
function also in some of the larger airways . 
(>3 mm diameter). Reduced flows at low . 
lung volumes (decreased V,,,,5,), increased 
V,,,V, and a reduced AV,,,5,,, on the other — 
hand, appear to be specific indices of abc ev. 
normal narrowing of the small peripheral = 
airways. A. 





FREQUENCY DEPENDENCE OF 
COMPLIANCE Mc 
Another abnormality of respiratory me- — 
chanics attributed to small-airway dysfunc- 
tion involves a fall in dynamic compliance 
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of the lung as a result of increased breathing 
rates. This phenomenon, “frequency depend- 
ence," has been demonstrated in asympto- 
matic smokers who exhibited no abnormali- 
ties on standard pulmonary function tests.?4 
As breathing frequency increased in these 
individuals, their dynamic lung compliance 
decreased. Compliance is considered fre- 
quency dependent if the dynamic compli- 
ance (Cays) at any of the increased breath- 
ing rates falls to less than 80 percent of the 
value for static compliance (C,,,).?? Most 
workers have measured Cay, as the change 
in lung volume during a tidal breath divided 
by the change in transpulmonary pressure 
(Pi). Ctar is derived from the slope of an 
inspiratory static pressure-volume curve 
over the usual range of V4. Both compliance 
measurements require the insertion of an 
esophageal balloon for the estimation of 
transpulmonary pressure from the difference 


. between esophageal pressure and mouth 
. pressure. 


In normal lung, alveoli fill and empty 
synchronously at all physiologic respiratory 
rates. Therefore, compliance is not nor- 
mally dependent on respiratory frequency. 
Frequency dependence of compliance, on the 
other hand, implies asynchronous behavior 
wherein some regions of the lung are mov- 
ing out of phase with others. The rate at 
which alveoli respond to a given pressure 
change by a change in volume is determined 
by their time-constant, the product of their 
resistance, and compliance (R x C).28 The 
more resistant or compliant, or both, a unit 
of lung is, the longer it takes for air entry. 


2 When different areas of the lung have 

different time-constants, they fill and empty 
.8t different rates. During slow breathing, 
air can still be so equally distributed that 
Cay, is not altered appreciably. However, 
during rapid breathing, air moves less rapid- 
ly into areas with long time-constants, es- 
pecially those with a high resistance. There 
is insufficient time to expand those areas 


|. with some obstruction. As a result, greater 


transpulmonary pressure is required to move 
the same volume of air, or, alternatively, 
the ratio of volume change (AV) to asso- 
_ ciated pressure change (AP), which equals 


^ Ca, falls at increased breathing rates 


(fig 4). 


_. This asynchronous behavior of lung units 
in the small airways, and the 
is regarded as an index of disease in these 
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Fic 4. Schematic representation of changes in 
dynamic compliance (C44) associated with various 
respiratory frequencies. C,,, is plotted on the or- 
dinate as a percentage of the static compliance 
(Cou). Curve A represents typical findings in a 
normal subject whereas curve B is typical of the 
response in patients with bronchitis. If Cayn de- 
creases to less than 80¢% of the value for Cai, It is 
considered "frequency-dependent." 


airways.?? However, other factors may cause 
time-constant discrepancies throughout the 
lung and must be eliminated before ascrib- 
ing these changes in compliance solely to 
small-airway disease. Abnormal lung elas- 
ticity, for example, would be expected to 
influence frequency-dependent behavior. 
Therefore, it is necessary to perform a static 
pressure-volume curve to ascertain the nor- 
malcy of static compliance, which, however, 
would be markedly abnormal before produc- 
ing a detectable fall in C,,,, at rapid breath- 
ing rates. 


Obstruction in the large central airways, 
such as might occur with a bronchial tumor, 
may also cause difficulty in filling and 
emptying that lung sufficient to decrease 
Cayn?® This should produce a measurable 
increase in pulmonary resistance, since the 
large airways are the major contributors to 
total resistance. Thus, if patients demon- 
strate normal pulmonary or airways resist- 
ance directly or with spirometry, and static 
compliance is relatively normal, one can 
rightfully infer that frequency-dependence 
of compliance indicates small-airways ob- 
struction. 


Closing Volume.—Although the demon- 
stration of frequency-dependent compliance 
has proven a sensitive and relatively specific 
indicator of small-airway obstruction, the 
measurements are quite demanding on the 


Subject and the laboratory. As routine or 


wide-scale use is therefore impractical, a 
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$ mpler test, the measurement of closing 
me, offers a sensitive index of small-air- 
bnormality.!! The term "closing vol- 
-(CV) describes the lung volume at 
airways in dependent areas in the 
gin to close and cease to contribute 
xpired gas.*? This phenomenon pre- 
ably occurs because of gravity-depen- 
— dent gradients in pleural pressure. At or 
- near residual volume, the lower portions of 
the lungs are subjected to pleural pressures 
which exceed airway pressures and hence 
promote airway closure.*? 













 'The CV test is designed to detect the 
. lung volume at which these airways begin 
< to close. The basic technic is to tag these 
.. “closed” units of lung by giving them a dif- 
< ferent concentration of a tracer gas than the 
mes which remain open. As a subject in- 
ires from RV to TLC, a concentration dif- 
erence for the tracer gas is created between 
the top and bottom of the lung as a result 
- of uneven distribution of ventilation.'! Dur- 
- ing subsequent slow exhalation, the chang- 
--ing concentration of tracer gas is plotted 
^ against a corresponding lung volume on an 
© X-Y recorder. Two methods utilize this 
- principle to estimate CV: the bolus technic 

and the resident-gas technic. 








The bolus technic employs a bolus of 
tracer gas. Although xenon?" and argon were 
originally used, the easier availability of He 
has made it most popular. The subject ex- 
hales to RV and is connected to a spirom- 
eter circuit containing room air. A 2 to 5 ml 
bolus of marker gas is then injected quickly 
into the mouthpiece as the subject begins to 

- inspire slowly from RV to TLC. 'The tracer 
~ gas is preferentially distributed to the apical 
 area!5 because the dependent airways are 
presumably still closed at or near RV. As 
the subject then slowly exhales to RV, the 
concentration of marker gas measured at 
the mouth is plotted on the Y axis of a 
fast-response recorder. Simultaneous meas- 
urement of expired volume is plotted on the 
X axis. Toward the end of the expiration, a 
discrete rise in tracer concentration is noted 
on the trace as the dependent lung regions 
no longer contribute to the expirate, which 
. is then composed of gas from the apical lung 
. regions. 











"The resident gas technic uses as a marker 
N, already present in the lungs. The 
od, originally described by Anthonisen,*? 
sents a modification of the single- 
h N, test developed by Fowler.*5 The 





concentration difference between alveoli re- 
sults from diluting the N, in the lungs with 
a breath of 100 percent O,. Although the 
apical lung units are more expanded. at or 
near residual volume, as one inspires to 
TLC, the alveoli in dependent lung zones | 
undergo a greater change in volume and . 
hence ventilation; the N, in these regions. 
is thus diluted more by O; than in the upp 
ones. 'The result is a concentration gradie 
for N, from the top to the botto 
lung. This gradient is manifested ; 
in N, concentration as expiration n 
and the lower lung zones cease contributi 
to the expirate. SH 















Despite fundamental differences | in the > 
methods, they yield surprisingly simila: 
formation; the plots of marker gas versus. 
lung volume are similar qualitatively and o 
quantitatively. 19.59 In disease states such. as n 
asthma or in normal subjects following: his- i 
tamine-induced bronchoconstriction, the > 
size of the closing volume measured by the. 
N, method is significantly smaller?! suggest- 
ing that the N, method fails to establish the. 
normal apex-to-base concentration gradien E. 
because of “air trapping." oan 












The components of the CV trace are la- . 
beled phases I through IV; a typical trace. 
is depicted in figure 5. The first 3 phases . 
are familiar from Fowler's single-breath N. 
test. Phase I contains expired gas essentially | 
free of marker, representing emptying from © 
the dead space of the apparatus as well as 
of the conducting airways (anatomic dead p 
space). Phase II consists of a rapid rise imo 
the concentration of marker gas as alveolar s 
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Fic 5. The 4 phases of a typical. closing- vo 
curve: phase I = dead-space gas; phase IT = 
ture of dead space and alveolar gas; phase. m 
alveolar plateau; phase IV = gas principally. fi 
apical lung regions. Closing volume (CV) = volt 
above residual volume (RV) at which phase IV or -4 
the upswing of tracer-gas concentration ;ccurs. qu 
Closing capacity (CC) = closing. volume plus EN 
residual volume (CC = CV + RV). gebe 
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emptying begins. Phase III, or the alveolar 
plateau, is produced by the mixing of ex- 
pired air and marker gas from all lung re- 
gions, each with different concentrations. 
The “ripples” appearing during phase III 
are termed “cardiogenic oscillations," since 
they correspond to cardiac systole and are 
believed to arise as a result of interruptions 
in gas flow from the dependent lung zones 
during cardiac systole.^* The upper zones 
continue to empty and a higher concentra- 
tion of tracer gas arrives at the lips and pro- 
duces the upward deflections on the trace. 
The amplitude of the “ripples” is related 
inversely to the EFRs and are virtually 
eliminated at moderately increased flow 
rate ( 51.5 L/sec) .^? Higher flow rates may 
cause earlier closure of lower-zone airways, 
with a resulting rise in airway resistance 
or may impair venous return and conse- 
quently reduce stroke volume.?! The latter 
would then be reflected by a diminished ef- 
fect of cardiac systole on gas flows in the 
dependent lung zones. 


The alveolar plateau exhibits a small 
positive slope even in normal lungs; the 
extent of this rise has been used as an index 
of abnormality. A steeply rising slope indi- 
cates sequential emptying of various lung 
units with different time-constants and sug- 
gests nonuniform ventilation. There is some 
evidence that this slope is more sensitive 
than the actual measure of CV to the early 
changes in smokers.?? 


Near the end of expiration, another abrupt 
increase in tracer-gas concentration occurs 
(phase IV). The point at which phase IV 
begins has been designated the closing vol- 
ume because the dependent airways have 
presumably closed and the exhaled gas 
arises almost entirely from the upper lung 
zones, whose concentration of marker gas 
was high. Thus CV is the difference in vol- 
ume between the onset of phase IV and 
RV.*5 Since it represents a portion of the 
VC maneuver, it is usually expressed as a 
percentage (CV/VC 925). Most published 
values for CV in normal healthy subjects 
in sitting position fall between 15 to 20 per- 
cent of VC. 


The terminology is confused by another 
term, “closing capacity” (CC). This term 


. js used to designate the volume between the 


* onset of phase IV and zero lung volume; it 
thus includes CV and RV. Since it is the 
absolute lung volume at which phase IV 

, it is usually expressed as a fraction 
of total Tung capacity (CC/TLC %). 
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While the onset of phase IV is usually 
taken to represent a unique volume at which 
actual closure of the small airways occurs, 
Hyatt? has suggested that rather than clos- 
ing off, they may merely be emptying more 
slowly because of dynamic compression and 
the resultant increased resistance to flow. 
This impression is based on the evidence 
that phase IV occurs at the time the lungs 
reach flow limitation —that they continue to 
empty at a decreased rate despite increasing 
transpulmonary pressures. This same phe- 
nomenon occurs during the later portion of 
the MEFV curve. In fact, high EFRs, such 
as characterize the MEFV curve, can actu- 
ally increase the lung volume at which 
phase IV occurs, presumably because of 
dynamic airway compression.** Thus, in 
order to produce a satisfactory trace when 
measuring CV, one must assure that expira- 
tion be performed slowly (flows approximat- 
ing 0.5 L/sec).5? The latter can be assured 
by introducing mechanical resistance into 
the breathing circuit. 


Whether the mechanism is closure or com- 
pression, most observers have noted signifi- 
cantly increased values for CC in cigarette 
smokers when compared to nonsmokers of 
the same age.!? These findings have been 
cited as evidence of small-airway disease. 
Recent evidence suggests, however, that 
these changes in CC in smokers reflect a 
loss of elastic recoil and not necessarily 
intrinsic smallairways pathology. This 
same relationship between CC and lung 
elastic recoil is clearly demonstrated by the 
changes which occur with age. The progres- 
sive reduction in lung recoil and its associ- 
ated tethering action on the bronchioles pro- 
duces an increase in CC with advancing 
age,*! until at age 65, it exceeds the FRC 
(CC>FRC) even in the seated individual.‘ 


Young children, who exhibit reduced 
values for lung elastic recoil," likewise have 
elevated CCs.*? The smallest CCs occur in 
subjects during the late teens, when maxi- 
mal values for static elastic recoil are ob- 
served. From this point, CC can exceed 
FRC not only in the older individual but 
also in children below age 6 and may ac- 
count for some of their susceptibility to air- 
way disease. 


A similar loss of lung elasticity may oc- 
cur at lung volumes below FRC in the 
presence of pulmonary congestion.9* This 
may likewise explain the increased CC asso- 
ciated with left ventricular failure, There 
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. js recent evidence, however, that interstitial 
< edema by a cuffing and compressing action 
the bronchioles may produce expiratory 
limitation at a higher volume, even be- 
tering the elastic or pressure volume 
teristics of the respiratory system.5^.59 
s also suggested by studies of rapid 
e infusions in normal subjects, when 
2 reases in CV were noted without any de- 
— tectable alterations in lung compliance.*' 












These are but a few indications that the 
premature closure of airways is not solely 
the result of intrinsic disease in the small 
airways but is affected by other factors 
which determine flow in these airways. 
'These include interstitial edema and its pos- 
sible compressing action on the bronchioles 

< and, more importantly, diminished elastic 
coil. The latter is associated with loss of 
> normal tethering action on bronchial 
lls. Thus, their patency is less well main- 
ained. Regardless of whether an increased 
JV represents intrinsic airway disease or 
xirenchymal disease with loss of elastic re- 
< €oil, the sensitivity of the measurement ren- 
— ders it a useful indicator of early functional 
. abnormality which may represent early 
COPD. 















The relative simplicity of equipment and 
the lack of discomfort to the patient further 
enhance the status of CV as a desirable 
screening tool. Perhaps the only obstacle to 
its wider application has been the difficulty 
of establishing well-defined limits of nor- 
mality because of variability between meas- 
urements even under ideal conditions." 
This usually results from difficulty in dis- 

.. cerning the onset of phase IV, particularly 

in subjects with an increased slope of the 

“alveolar plateau (phase HI). The latter 

^ finding is of itself equally valuable, since 
it provides an index of lung function which 
may be more important than the actual 
measure of CV.» 


'The closure of lower-zone airways during 
resting ventilation when CC exceeds FRC 
is significant not only because of its diag- 
nostic possibilities but also because of re- 
gional effects on the distribution of ventila- 
tion. Areas with low alveolar ventilation 

. . (V4) relative to capillary perfusion (Q) 
result.5" Arterial hypoxemia is likely to oc- 
cur in the presence of the disturbed V,/Q 
lationship; thus, Pao, may be a sensitive 
dex of the early functional abnormalities 
sociated with advancing age'"! as well 
disease. These detrimental effects on gas 
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exchange are particularly important in the 
surgical patient whose FRC is reduced by 
anesthesia and the supine position?” and in 
whom airway closure is more apt to occur. 


Gas trapping may occur behind these 
closed airways. If the gas breathed is 100 . 
percent O., it can be rapidly absorbed, re-: 
sulting in collapse of the air spaces and im- B 
paired oxygenation. Thus, hypoxemia may m 
accompany the clinical use of anesthetic-O. = 
mixtures, particularly during spontaneo 
ventilation. The actual absorption. of trapp 
gas is suggested by studies in normal suk 
jects which demonstrate a fall in lung co 
pliance and reduced lung volum 
breathing 100 percent O. at low lung 
umes.'? 













CLINICAL SIGNIFICANCE TO THE 
ANESTHESIOLOGIST 


Although there is some controversy as 3 E 
which of these newer tests is most sensitive, 
all are capable of detecting mild reversible ^. > 
ventilatory defects believed to be the early 
stages of COPD. Mild defects seen on stand 
ard spirometry, such as an FEV, just belo 
70 percent of FVC, may be interpreted 
signifving pulmonary disease which is mod- 
erately advanced rather than in its earl 2 
stages. This enhanced sensitivity may per- 
mit closer observation of the natural history 
of exposure to cigarette smoke and other in- 
jurious inhalants.7! Physicians may thus 
initiate earlier and more effective therapy. . PUR 


















In light of this potential application. do 
general medical practice, how do these tests. 
relate to the anesthesiologist whose interest. RAS 
in lung function arises from the high inci- =< 
dence of pulmonary problems in the post- _ 
operative period as well as the interrelation- |... 
ship of general anesthesia and pulmonary  . 
gas exchange? Stein and Cassara! havè = 
shown that patients with normal results on 
spirometry constitute a low-risk group for 
developing postoperative pulmonary com- 
plications. Thus, abnormalities in these high- 
ly sensitive tests would at first appear to 
add little of value to spirometry in predict- 
ing postoperative risk. Patients with de- 
monstrable small-airways disease, however, ^. 
may comprise the segment of this “low. 0 
risk” group prone to pulmonary complica- 
tions. If identified by more sensitive test- 
ing, preoperative treatment may further re- 
duce their postoperative respiratory mor- 
bidity, as in Stein's patients with: abnormal 
spirometry. 
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Presently, however, the real value of these 
recent advances in pulmonary physiology 
lies in the knowledge they provide about 
breathing mechanics and gas exchange. 
Many of the alterations in lung function 

"during the perioperative period relate well 
- to the concepts of flow limitation, airway 
closure, and uneven distribution of ventila- 
tion, which form the physiologic basis of 
these newer tests of pulmonary function. 
Thus, while they do not appear to provide 
the anesthesiologist with an enhanced ap- 
praisal of operative risk, they will undoubt- 
edly aid in further understanding the altered 
mechanical properties of the respiratory sys- 
tem during anesthesia. 
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HEPATIC BLOOD FLOW. Changes in hepatic blood flow were measured in 88 patients 
anesthetized with nitrous oxide (60-65 percent) plus ether (2-3 percent inspired) or 

.. halothane (0.5-1.0 percent inspired). Muscle relaxation was with d-tubocurarine. 
Estimated hepatic blood flow (EHBF) was determined using a radioactive colloid gold 
ique. Compared with awake flows EHBF was reduced 12 and 16 percent (P<0.05) 
0 minutes of ether or halothane anesthesia respectively. The difference between 
etic drugs was not significant. Commencement of surgery further reduced EHBF 







. .. but the magnitude depended on the site of operation. During peripheral operations 
. EHBF was. reduced 18 and 24 percent below awake levels during ether or halothane 

..  B&nesthesia. Corresponding reductions during upper abdominal operations were 52 and 

—- 58 percent. The authors conclude that surgical trauma and not the anesthetic drug 
(ether or halothane) was the main determinant of chenges in liver blood flow during 

= . operation. (Gelman SI: Disturbances in hepatie blood flow during anesthesia and 
Surgery. Arch Surg 111:881-883, 1976) 
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his study was undertaken to determine the 
culatory effects of metocurine (dimethyltubo- 
rine) in 7 men scheduled for coronary ar- 
y surgery who had been receiving propranolol 
or at least 6 weeks before morphine-N.O-O; 
inesthesia. The study was divided into 4 meas- 
rement periods: (1) control after induction; 
5 minutes after administration of 0.35 mg/ 
kg of metocurine; (3) 10 minutes after; (4) 20 
“minutes after. "There were no significant 
> €hanges in mean blood pressure, heart rate 
et (HR). central venous pressure or arterial blood 
. gases throughout the study. Cardiac index rose 
- significantly from a control value of 1.89 + 0.1 
. L/min/m' to 2.39 + 0.2 L/min/m' in period 2 


1 


HE administration of metocurine (di- 

..  methyltubocurarine)! to produce mus- 
cular relaxation has been shown to have 
minimal circulatory effects in patients with- 
‘out cardiovascular disease.? This has been 
suggested to be due to a lack of significant 
effect on histamine release and postgangli- 
onic sympathetic activity? in contrast to 
d-tubocurarine,* and thus is associated with 
less hypotension. This study was undertaken 

to determine the response to metocurine in 
patients with significant coronary artery 
disease who had been receiving a beta-block- 
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and remained elevated throughout Q5 z 
and 2.33 + 0.2 L/min/m^). Systemic - ‘vas 
resistance (SVR) fell from a control. val of ^. 
20.2 + 1.8 units to 16.1 + 1.6 units in. period 2 puer 
and remained below control in periods 3 and 4 
(17.2 + 1.8 and 16.9 + 1.3). m 
These data suggest that metocurine produced 
a significant decrease in SVR in the presence. 
of propranolol, resulting in an increase in 
diac output (and stroke volume) in a. coi 
sated heart, to maintain perfusion. pre 
The possibility of a central (cardiac) effec 
not be excluded, but the lack of an increase it 
HR suggests it would not be clinically signifi 
cant. CIN 





















ing drug (propranolol) prior to surgical an- pu 
esthesia. i 


METHODS 


Seven men scheduled for elective coro- 
nary bypass graft surgery were studied - - 
(table 1). All had been receiving propra- ` 
nolol (40 to 80 mg) qid for at least 6 weeks. |... 
before operation, the last dose 24 hours be- — 
fore induction. All were premedicated with ^ 
morphine (0.1 mg/kg) and scopolamine  . 
(0.4 mg) 90 minutes prior to operation. ` 
Arterial and central venous monitoring lines 
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TABLE 1. : 
Patient Characteristics Mp 











Patient Age Sex Disease dE: - Operation 
42 M  Two-vessel diese CABG to LAD x 
2 56 M  Three-vessel disease CABG to LAD, RCA and Cire 
3 58 M . Three-vessel disease; left CABG to LAD, RCA and Circ; 
ventrieular failure insertion IAB 
4 59 M  Two-vessel disease CABG to LAD -+ RCA 
5 46 M  Three-vessel disease CABG to LAD, RCA and Cire 
6 49 M  One-vessel disease CABG to LAD 
T a 55 M  One-vessel disease CABG to LAD 


3 : ! pe “CABG = = -coronar y artery bypass graft. 
o LAD = : left anterior descending coronary artery. 
_ RCA = right coronary artery. 







Cire == circumflex coronary artery. 
IAB = intra-aortic balloon. 


were placed under local anesthesia and con- was then administered IV and the control 
tinuously monitored along with the electro- ^ measurements repeated at 5, 10, and 20: min- 
cardiogram. utes after this during controlled ventilation 


by mask. 
Anesthesia was induced by the adminis- pas 


ty tion of morphine (0.5 mg/ kg) IV at the Data were analyzed by Student's t-test, 
of 5 to 10 mg/min while the patient with p<0.05 considered significant. 
was yreathing a mixture of N,O-O,. (50-50). 


E ‘ollowing induction of anesthesia, control 
. measurements of heart rate (HR), mean 





RESULTS 


~ arterial blood pressure (MAP), central ve- Table 2 lists the major hemodynamic data 














nous pressure (CVP), and arterial blood obtained. There were no significant changes | 
gases were obtained. Cardiac output was in BP, HR, CVP, or arterial blood gases. 


. measured by standard dye dilution technics throughout the study period. Cardiac output 


utilizing indocyanine green dye and a Beck- rose significantly (p<0.001) at 5 minutes 
man cardiodensitometer: Systemic vascular following the administration of metocurine 
resistance (SVR) and stroke volume (SV) and remained elevated at 10 and 20 minutes, 
were calculated. Metocurine (0.35 mg/kg) and SVR fell significantly (p<0.01) at 5 


TABLE 2 
Hemodynamic Effects of Metocurine* 


Stroke 
l Ct, CVP, Poog, Pacos, volume, SYR, 
" Period BP, torr HR, bpm — L/min/m? torr torr torr mi/beat units 
a 81 96 1.89 6.0 205 4b 67 20.2 
Control +6 +3 x01 +1.0 x8 +3 +4 +1.8 
F I 81 56 2.391 6.0 203 43 84 16.14 
^. o B'post-metocurine 2:6 #3 = +0.2 3:0.5 +3 +3 +4 +1.6 
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Hemodynamic Effects of Metocurine . . . 


UNITS © 





Changes in cardiac index (CI) and 


FIGURE. 
systemic vascular response (SVR) following ad- 
ministration of metocurine. 













minutes, remaining below control values 
roughout. These changes are demonstrated 
raphically in the figure. 





DISCUSSION 


-The lack of variation in HR in these pa- 
jents was anticipated to some degree, since 
-in our experience administration of propra- 
- nolol up to 24 hours before induction results 

-. in a relatively slow heart. We attribute this 
to residual beta blockade, though this was 

— ^ not specifically tested or measured in these 
-... patients. This remains a somewhat contro- 
versial area, since there is evidence that it 
takes at least 48 hours for the heart to re- 
cover completely from the effects of pro- 

|. A pranolol,? although others? have suggested 
.. that 18 to 24 hours may be sufficient. 










.. The dosage of metocurine chosen, 0.35 

mg/kg, was twice that necessary to produce 

.95 percent twitch inhibition.' Twice the 

A ED,. of nondepolarizing relaxants is the 
dosage most commonly used for endotra- 
cheal intubation with 0.6 mg/kg d-tubocu- 
rarine or 0.1 mg/kg pancuronium. Metocu- 
rine (0.35 mg/kg) provided good to excel- 
lent intubating conditions in all 7 patients 
studied. 


The decline in SVR accompanied by the 

rise in cardiac output has not been previ- 

< ously reported and indeed is the opposite 
of results previously obtained. The combina- 
tion of these two resulted in no change in 
', even transiently, since pressure meas- 
nts. were continuously recorded. Had 
ease in HR occurred, an effect simi- 
at of gallamine might be postulated 
sympathomimetic response.*? It is 
ilt to accept such a central action be- 
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ing responsible for the increase in cardiac 
output, however, when it is not sufficient to 
produce an effect on the rate. 


These data would suggest that a periph- 

eral effect of metocurine produced the fall : 
in SVR, most likely due to histamine re- = 
lease rather than ganglionic blockade, since => 
metocurine has been demonstrated to have - 
little ganglionic effect.?.!^ It seems logical - 
to assume that with the decline in SVR, > 
cardiac output increased due to increased |. 
SV resulting from more complete ventricu- ' 
lar emptying. This would explain the main- 
tenance of perfusion pressure in these pa- 
tients, rather than postulating that a 
crease in output produced passive arter 
distention, resulting in a decrease in | 
It is also apparent that the changes in Paco, 
were insufficient to elicit an endogenous 
catecholamine response resulting in in- 
creased cardiac output. 









Morphine in large doses has been reported 
to decrease SVR and increase cardiac out- 
put in patients with aortic valve disease, 
primarily by relaxation of the peripheral | 
vascular bed without a direct cardiac effect. 
Such an action could not be demonstrated 
in normal patients or in patients with coro- - 





nary artery disease in whom changes in 


SVR and cardiac output were minor and 
transient.!? The dosage of morphine used in 
this study (0.5 mg/kg) was of the same 
magnitude and the control data was ob- 
tained following stabilization after the mor- 
phine administration, thus eliminating this 
as a possible explanation for the changes 
seen. 


Propranolol has been demonstrated to = 
possess a quinidine-like action,!? which may . 
be a factor in this study. Quinidine has been 
shown to potentiate the effect of nondepolar- 
izing relaxants,!* which may account for E 
the metocurine response, a response . mot oe 
seen in patients not given this medication. ` 
It is not possible from the protocol of this 
study to differentiate entirely the contribu- 
tion of either of these drugs. 


These data support the conclusion that, at =- 
least with morphine anesthesia, metocurine 
can be used safely and, perhaps, beneficially 
in patients receiving propranolol. Perfusion 
pressure is maintained while SVR decreases — a 
and cardiac output rises. I 
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Guest Discussion 


RICHARD P. FOGDALL, MD 
Cardiovascular Anesthesia Service 
Department of Anesthesia 
Stanford University School of Medicine 
Stanford, California 


This study by Dr. Zaidan and colleagues 
is an interesting one. Metocurine (dimeth- 
yltubocurarine) is an old drug, but until 
recently. was little utilized clinically nor 
studied. Metocurine is thus essentially a 
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“new drug." Recent evaluations in animals! 
and in man? have suggested that metocurine 
may have less deleterious effects on cardio- 
vascular dynamics than other relaxants used 
in clinical anesthesia. 


As a discussant, I must raise certain ques- 
tions about methods and conclusions in this 
study: 


1. Dr. Zaidan's patients had received no 
propranolol for at least 24 hours prior to the 
study period. Available data? would strong- 
ly suggest that the major effects of propra- 
nolol are dissipated 24 hours after the last 
dose. In addition, Lappas! found a decrease 
in heart rate ( HR) with morphine sulfate 
0.5 mg/kg in coronary-artery patients with 
normal left ventricles. Thus, the low, stable 
HR during metocurine is expected, and not 
proof of beta blockade. No data are pre- 
sented here which suggest the patients were 
tested with beta-agonists to determine if 
propranolol effects were still present. We 
might reasonably conclude that no beta 
blockade has been demonstrated. 


2. The effects on cardiac index (CI), 
and systemic vascular resistance (SVR) 
attributed here to metocurine, are identical 
to the effects of intravenously administered 
morphine (0.5 mg/kg) in patients with aor- 
tic valvular disease previously reported by 
Lowenstein's group.” Lappas: found that 
morphine (0.5 mg/kg) produced a transient 
fall in CI, but had no effect on SVR. It is 
possible that the changes seen in this study 
are those of either metocurine, morphine, 
or both. At least no deleterious effects have 
been seen in the study. 


3. There are no data regarding prestudy 
left ventricular performance (hypokinesis, 
akinesis, previous myocardial infarction, 
ventricular aneurysm, etc.). Is this small 
group of patients homogeneous? Patient 43 
required intra-aortic balloon counter-pulsa- 
tion postoperatively; it would be of interest 
to know if this “sick” patient responded dif- 
ferently to metocurine than the other six. 


4. No mention is made of intravenous 
fluid therapy immediately prior to and dur- 
ing the study periods, which might have in- 
fluenced cardiovascular dynamics. In the 
absence of data on pulmonary artery oc- 
cluded pressures, we cannot be sure that the 
elevated CI was not induced by fluid load- 
ing. 


9. Dr. Zaidan suggests that the fall in 
SVR may be due to histamine release. 


Hemodynamic Effects of Metocurine . . . 


‘While metocurine has been shown to be vir- 

..tually free of ganglionic blockade,!.9 it has 

also been shown to be free of histamine re- 
ease in animals.! There are no published 

ata on histamine release in humans to sup- 

ort (or refute) his hypothesis. The mech- 
ism remains unknown. 


































706. Morphine (0.5 mg/kg), with 50 per- 
~ cent N.O, does not "induce" a state of anes- 
thesia in most of our patients with coronary 
artery disease. Many of these anxious pa- 
tients are still responsive after this dose. 
Even though N.O 40 percent has been 
Shown to cause mild depression of myocar- 
dial function in patients with coronary ar- 
tery disease,’ patient anxiety upon being 
paralyzed in the “awake” state might have 
led to some or all of the changes observed 

¿in this study. 


In contrast to the study presented here, 
oelting? presented data in 20 percent of 
-healthy patients, during halothane anes- 
sia, consistent with hypotension, after 
'eiving metocurine at a lower dose (0.2 
mg/kg). 'This would suggest that halothane 
prevents a rise in cardiac output in this 
patient group, and thus no compensation 
for a decrease in SVR. At Stanford, we have 
seen a significant decrease in mean arterial 
pressure after administration of metocurine 
(0.4 and 0.5 mg/kg), during morphine/di- 
azepam anesthesia.* Since the primary goal 
in anesthesia for patients with coronary ar- 
tery disease is to minimize elevations in 


Mea ati rire rema 


_  *Study in progress. 
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myocardial oxygen consumption, appropri- 
ate doses of metocurine may offer the avoid- 
ance of pancuronium-induced tachycardia 
and hypertension, without the hypotension 
seen with d-tubocurarine. Of further use will 

be comparative evaluations of the cardio- _ 
vascular effects of metocurine at varied 
doses, during several different anestheti 
technics, in multiple classifications of pa 
tients. Thus dose responses, potency rat 
drug interactions, and side effects st 
become more evident, | E 
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PEDIATRIC ENDOSCOPY. A flexible fiberoptic endoscope that will fit through a 
34.5 mm internal diameter tracheal tube is described. The endoscope is 33.5 em long 
with an outside diameter of 3.2 mm. Controlling wires to facilitate entrance into the 


left mainstem bronchus are not included due to the reduced size. 
formed as in adults but ventilation is not possible i 
tube. Properly used the endoscope allows examination of the trachea for damage ` 
after intubation. Suctioning confirms patency | 
lacement without repeated x-ray exposures. ( Rock JJ, Klain M: A pediatrie flexible 
beroptic endoscope. Crit Care Med 4:277-278, 1976) | 









Endoscopy is per- 
when placed through a 3.5 mm 


of the tracheal tube as well as correct 
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A New Instrument for Continuous Recording of the Evoked 
Compound Electromyogram in the Clinical Setting 


CHINGMUH LEE, MD* 

RONALD L. KATZ, MDT 

ARNOLD S. J. LEE, BAt 
BERT GLASER, MD§ 


To study neuromuscular transmission, observa- 
tion of the evoked compound electromyogram 
(EMG) has important advantages over obser- 
vation of the evoked mechanical muscle con- 
traction. Technically, however, recording of the 
evoked compound EMG, especially in continu- 
ous study of several hours duration, has been 
difficult. Investigators have employed various 


m a complicated systems, including tape recording, 
<- photorecording, and photographing for such 





| : ‘purposes. 
The authors have applied modern computer 
technology to construction of an EMG analyzer 


Te STUDY neuromuscular transmission in 
the operating room, observation of the 
evoked compound electromyogram ( EMG) 
has several advantages over observation of 
the evoked mechanical response: 


1. It requires no immobilization of the 
— patient, the arm, or the thumb, and is free 
from errors resulting from changes in the 
relative positions of the muscle, the trans- 
ducer, and the body. Once set up, it stabil- 
izes promptly. 


2. It can be as easily performed on some 
other muscles, such as the hypothenar and 
the tibialis anterior, as on the commonly 
employed thenar muscles.! This allows study 


which enables handling the evoked EMG even 
more easily than the evoked mechanical con- 
traction. The principle involves digital dissec- 
tion, storage with memory, readout with time 
expansion, and analog reconstruction of the 
compound EMG. The signal can be recorded 
with ease by use of any suitable hot-stylus or 
ink-writing oscillographic recorder. Both the 
waveform and the amplitude of the EMG can 
be on-line recorded. The cost compares favor- 
ably with comparable devices for similar 
studies. 


of neuromuscular transmission when the 
thumb is not accessible. 


3. It can be performed easily even on 
small infants (personal observations). 


4. It permits analysis of the individual 
responses in a tetanic train.!? 


5. It permits study of the neuromuscular 
refractory period.? 


6. The sensing electrodes (surface elec- 
trodes) can be taped to the patient before 
induction of anesthesia, a time-saving pro- 
cedure and comfortable for the patient.! 
Once the electrodes are in place, study can 
be performed even if the muscles are subse- 
quently positioned out of access. Moving 
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. the patient from the operating room to the 
.. recovery room does not necessarily interrupt 
the study. 












While the observation of the evoked com- 
ound EMG is simple with the cathode ray 
loscope, its recording in real time is a 
ficult task in the operating room.* The 
rapidity of the EMG wave has required pho- 
tographic methods, with attendant lack of 
immediate availability. A direct-writing re- 
corder does not have adequately short re- 
sponse time. Photography is impracticable 
for daily use because it is costly, wasteful, 
and difficult to manipulate. It is particularly 
not suitable for several hours of continuous 
observation. 


No previously described systems permit 
^ simultaneous recording of the mechanical 
. response and the EMG response side by side 
on the same chart for comparison. A TECA 
system incorporating a CRO and a mirror 
galvanometer recorder was employed by 
Katz.! This $7000 system requires that each 
“itch be evaluated for selective permanent 
recording and produces a record only on 
~~ command. Epstein’s group! described a re- 

cording system employing a high-quality 
FM instrumentation magnetic-tape recorder 
. and a programmer. Playback of the tape at 
^. a later time at a slower speed permitted 
X transcription into an ink recorder. The time- 
base expansion was thus achieved mechani- 
cally. This system is not satisfactory for the 
on-line observations and recording required 
. in the operating room, for purposes of pa- 
.. tient care, research, and teaching. 





















The wide range of stimulus frequency 
commonly employed presents another prob- 
lem. To separate the individual responses 
‘in a 50-Hz tetanic train requires that the 
recording media move 500 times as fast as 
^... is needed for comparable recording of the 
cs. 0.1-Hz response. To record the wave shapes 

in a tetanic train of responses in a manner 
economical of chart paper requires the dis- 
carding of the “time” between the end of a 
given wave and the start of the next wave. 


| Modern computer technology offers an 
.. . economical approach to the above problems. 
~The EMG response wave may be “dissected” 
by an analog-to-digital converter and stored 
in an electronic memory. Readout of the 
amory through a digital-to-analog convert- 
r at a much slower rate allows the recon- 
structed wave to be recorded on a "slow" 
ct writer faithfully both in time and in 

. amplitude. This system has the theoretic 
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advantages of freedom from distortion due 

to inertia, convenience of paper recording, 
wide range of electronic “time-expansion,” 
and immediately available permanent rec- 
ord. It requires only a direct-writing re- 
corder, using ordinary chart paper. Where 
only the EMG amplitude is being recorded, 
the wave shape being already known, the. . 
chart can be run slowly, just as for record- 
ing the mechanical response. Finally, it per- 
mits computer analysis of various param- ra 
eters. | 


Several prototypes of this machine have! 






Presbyterian Medical Center, New York | 
City, and at UCLA has served satisfactorily 
in several research projects involving over =o 
100 patients. It has also been used in criti- 

cal monitoring of the neuromuscular trans- 
mission in approximately 20 patients with 
atypical plasma cholinesterase, renal failure, 
hyperparathyroidism, etc. 


Description of Instrument.—The machine — 
is contained in a 50 x 25 x 6 cm box and 
weighs approximately 5 kg (fig 1). It con- 
tains over 75,000 transistors in several inex- 
pensive, mass-produced, commercially-avail- 
able integrated circuits. Components and 
their functions are: c ee 










1. A stimulus trigger interface den UTR 
which, after a selectable delay (0, 2.5 msec... 

5.0 msec), opens a 16-msec "window," 
during which the computing device actively — 
records. The computing device remains 
closed otherwise, freeing the system from. — 
the necessity of recording during the time =- 
between response waves. The window width 
can be reset to meet special requirements, 
although 16 msec is adequate for most in- 
vestigations. The stimulus artifact can be 
included or excluded from the record by . 
proper setting of the delay. Neuromuscular ^. 
conduction time can be measured if the 
trigger is accurately related in time to pus 
tient stimulus. 

2. An isolated EMG amplifier mede 
with a continuously variable gain up to | 
X1000, completely protects the patient from a 
both ground and circuit fault currents. It 
also protects the amplifier from defibrillator - 
and electrosurgical current damage. nu 


3. An analog-to-digital converter meas- EM 
sures and converts the EMG. digitally 64 
times during the 16-msec period. The EMG 
is measured (every 16/64 msec) and con- 
verted into 9-bit binary numbers. Each of 
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Fic 1. EMG analyzer (center) with Grass S8 


SSSR! 
8 Stimulator 


ANESTHESIA AND ANALGESIA . . . Current Researches Vou. 56, No. 2, MARCH-APRIL, 1977 





(left) and modified Beckman type KM 


2-channel recorder (right). Any stimulator capable of simultaneously triggering the analyzer and gen- 
erating suitable stimulus for the nerve will be adequate. The recorder need not be capable of high-fre- 
quency response, and replaces FM magnetic tape, oscilloscope-camera, or equivalents for EMG recording, 


all of which depend on inertia-free recording media. 


these 64 values is therefore accurate to 0.2 
percent (2° = 512, 1/512<0.29%) of full 
scale. 


4. A shift register memory system, which 
has a capacity of holding 1024 9-bit num- 
bers (and therefore is capable of storing up 
to 16 EMG response waves, each consisting 
of 64 digital 9-bit bytes). Therefore, not 
only can a single EMG be stored for time 
expansion, but also a group of up to 16 
EMGs can be stored, to be discharged in 
sequence. 


5. A "waiting-period" control determines 
how long the system will wait for a follow- 
ing trigger before going into the readout 
mode. Because readout may take a long 
time, and because of our use of a shift-reg- 
ister memory which precludes simultaneous 
readin and readout, it is important that 
readout occur during a time free of stimuli. 
The delay is presently set at 8.5 seconds. 
If another trigger arrives within 8.5 seconds 
of the last trigger, the memory will not be- 
gin to discharge but will shift its content 
forward just far enough to create room for 
the next EMG. 1f no trigger arrives within 
8.5 seconds, the memory register will shift 
its content fully forward and discharge, in 
sequence, the whole content, which may be 
a single EMG response wave (twitch) or up 
to 16 EMGs (train). Thus the single, or 
very slowly evoked EMG (eg, 0.1 Hz) will 
be recorded twitch by twitch continuously. 


A group of less than 16 EMGs, each occur- 
ring within 8.5 seconds of another (eg, train- 
of-4 or tetanus of any frequency) is collect- 
ed and discharged sequentially, equally 
spaced, beginning 8.5 seconds after the last 
trigger. If more EMGs arrive after the ca- 
pacity is full and before the memory is com- 
pletely discharged, they are neglected and 
are kept from interfering with the on-going 
readout process. 


During the 8.5 seconds waiting time, one 
has time to increase paper speed for spread- 
out recording of the train responses, useful 
for detailed examination of the wave shape 
of each response as well as the fade of the 
train of responses.” Or the stimulus frequen- 
cy can be reset for a variety of studies to be 
mentioned below. 


In actual use, the storage and the hold 
combined allow collection of a train of up 
to 16 EMGs at a frequency range of .12 to 
63 Hz. A window width of 16 msec mathe- 
matically limits the frequency to approxi- 
mately 63/sec, and vice versa. One has the 
option of collecting 15 EMGs from a teta- 
nus, plus the first post-tetanic response, and 
so on. The post-tetanic response may arrive 
at any time between 16 msec and 8.5 sec- 
onds of the last trigger. This is useful to 
study the post-tetanic effect of a short train 
of tetanus to determine, for example, how 
many stimuli are required before the post- 
tetanic twitch is affected, and then by how 
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Fig 2. Compound EMG of thenar muscles evoked by stimulation of ulnar nerve, and calibration signal. 
EMG analyzer is triggered simultaneously with delivery of stimulus to ulnar nerve. (A) Biphasic tri- 
angular calibration signal, verified to be 6mv amplitude and 8 msec total duration, reproduced faithfully. 
(B) Typical response with 12-msec window (underscored) open on triggering. Stimulus artifact (retouched) 
was detected simultaneously; response followed 4.3 msec later. The nerve was stimulated at the wrist. 
(C) Same as (B) except that window (underscored) was not open until 3.75 msec after triggering. Stim- 
ulus artifact was eliminated from record. (D) Same as (B) except that ulnar nerve was stimulated at 
elbow, 24 cm proximal to wrist stimulation site. Response appeared 7.6 msec after window (underscored) 
was open. Conduction velocity of nerve is therefore 24 cm/3.3 msec or 73 m/sec. NB: (A), (B), (C), and 
(D) were recorded with a time expansion of 160X and paper speed of 10 mm/sec. The calibration signal 


being 8 msec in duration became 1280 msec, or approximately 1.3 sec, and occupied a 1.3-cm strip. ot^ 
paper. The second phase of the biphasic response "D" did not appear because the 12-msec window had = 





tlosed before the complete EMG signal had been recorded. (E) Same as (B) except that time expansion 
vas 80X. With same paper speed, EMG occupied half the width. (F) Same as (B) except that time ex- 
pansion was 30X. 
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Fie 3. Neuromuscular block aan by ecas eroine (0.75 mg/kg) (SDC, at arrow) in a healthy 
man anesthetized with enflurane (1.2€2)-N,O (66%) in O.. The ulnar nerve was stimulated at the wrist. 
Stimulus was 0.2 msec supramaximal square pulse, repeated every 10 sec (0.1 Hz). Drug injected IV at 
arrow. Upper panel: mechanical twitch response of thumb. Lower panel: compound EMG response of 
thenar muscles, simultaneously recorded on same paper strip. A short train of 2-Hz responses were 
elicited after recovery. Deliberate passive movement of hand created artifacts in mechanical response (A), 
but not in EMG response. 
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much. It also permits study of the exact its content, the rate of discharge is con- . 
time course of the post-tetanic effect; for trolled by a dial. In our machine, a time ` 
example, how many milliseconds after the expansion of 30X, 80X, or 160X can. be 

tetanus does the facilitating effect begin? In selected. : 
Study of fade of EMG train responses, we id | LX 
have observed that the lowest amplitude re- 7. A digital-to-analog converter then re- - 













dz. occurs within the 6 or inning Signal When an 80X time expansion is. se : 
esponses.? Therefore a capacity E lected, the direct-writing recorder has € 800 
is adequate. msec to write a 10-msec event. Almost ms 
x oscillographic recorder has sufficient fre- 
i3 Once the register begins to discharge quency response to be able to record the 





ponse in a train of any frequency, 0.2 to constructs (with steps) the original analog — g 
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Fic 4. Paired EMG responses, train EMG responses, and train-paired EMG responses of thenar mus- 
cle to stimulation of ulnar nerve in a healthy man. Upper panel: paired EMG responses and refractory 
period. Time intervals (msec) between twin stimuli are shown in parentheses. Absolute refractory period 
is 2 msec. Twin stimuli 5 msec apart elicited 2 maximal responses. Middle panel: train-of-4 responses 
(2-Hz), and beginning 9 of a train of responses to tetanic stimulation (50-Hz), stimulus nonpaired. Lower 
panel: train-of-4 paired responses (2-Hz), and train of paired responses to twin stimuli repeated at a. 
tetanic frequency (50 Hz). Time interval between ist and 2nd of twin stimuli used to elicit paired 









responses in this panel was 3 msec. Dots locate 2nd of twin stimuli, which triggered open window; as ist 


cos cof twin stimuli arrived before window was open, it was unrecorded. NB: Irrespective of interval between 










~ twin. shocks, response (single or paired) occupied a window of same width, 12 msec, which was expanded 


of-4 or tetanic train) were stacked sice by side and handled with equal ease at same paper speed, jo 


: 10 mm/sec. 


paired responses sufficiently spread out for 
study of the refractory period, a strip of 
paper approximately 1 to 2 cm long will be 
desirable for each pair. Because the paired 
response occurs in approximately 10 to 15 
msec, the recording medium must move at 
50 to 200 cm/sec to record in real time, This 
is not practical for continuous use, even for 
only 2 seconds at a time. 


wave shape faithfully with such slowing 
down. 





The nature of the device is such that any 
EMG response, or lack of it, occurring dur- 
ing the 16-msec open window, wil be time- 
expanded faithfully. Unevoked activity be- 
tween neighboring windows will be neglect- 
ed. As a result, successive EMGs will be 
written. out sequentially without wasted 


to 1920 msec (160X). Irrespective of frequency of stimulation, 2 Hz or 50 Hz, successive responses (train- . s 


chart space. Train responses elicited at any 

. frequency, be it 2 Hz (for train-of-4) or 50 
- Hz (for tetanus), can be written with equal 
ease, using the same paper speed. Twin re- 
- -sponses elicited for determination of the 
refractory period share one 16-msee window. 
An example is that a train-of-4 pair of twin 
responses, each pair elicited by 2 stimuli 
. .8 msec apart, with pairs 0.5 seconds apart 
2 Hz train-of-4 twin) can be handled with 
ease. This complicated task woulc be diffi- 
S for venons that” - do recond the 


. tem, for reasons that follo 






















8. A simulator, which generates both bi- 
phasic triangular pulses of exactly 6-mv 
amplitude and 8-msec duration, and trigger 
signals singly or at 50 Hz, is incorporated 
into the apparatus. The artificial signal may 
be put through the same processing as the 
EMG by connecting it to the EMG ampli- 
fier input and connecting the trigger circuits. 
Since the calibration signal is put through 
exactly the same processing as the EMG, 
demonstrated faithful reproduction of the 
known signal shape ensures that all parts of 


the apparatus are in proper working order, 


ready to record the EMG faithfully. The 
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Tot ut of the simulator before the process- 
may be verified by a cathode-ray oscillo- 
2 to be exactly 6 mv, 8msec, and tri- 














. I. 


material costs $600 retail. Labor may 
pproximately twice that to have one 
ym-built. As all parts can be mass pro- 
ced and miniaturized, reduction in cost 
| in bulk of the device is possible. To 
complete the setup, a suitable nerve stimu- 
lator and a recorder are required (fig 1). 
Since the EMG analyzer makes it possible 
| record the response with an inexpensive 
scorder, the total setup could be assembled 
xpensively, at a saving when compared 
h other EMG assemblies. 








gures 2, 3, and 4 illustrate the perform- 
ce of this piece of equipment. The system 
es no significant electric interference in 
Operating room. While 60-cycle noise 
| not been observed to register on the 
jart, it is not immune from high-frequency 


strip chart recorder. 


COMPONENTS: 





2. a gain amplifier 


B. To recognize tetanic trains of stimulation 
special routing and handling for them, and for the recorder as required. — 


CAPACITY: 16 responses (9 bit bytes of 64 samples) at any frequency. 










electrosurgical noise. ( NOTE: These fig u 
were made before the window width A 
changed from 12 msec to 16 msec.) QN UN 
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l TECHNICAL APPENDIX 
D ENGINEERING PROBLEM STATEMENT: 


A. To record/display low duty-cycle transients with frequency content up tol 4 
on a slowly-moving (0.2 mm/sec and 5 mm/sec) highly-visible direct writ 








pulses (up to 60/sec), and pro 


A. An EMG amplifier system composed of 
1. an Analog Devices 272J isolation pre-amp 1: 1 
AD 741 K 


B. A stimulus trigger interface consisting of 


l. an opto-isolator, Motorola 4N33, used to receive the floating stimulator pul EC 
and generate TTL “clear” signals (of both polarities) thru | F 


2. The Schmitt trigger SN 7414 


3. Auxiliary BNC input for neg. - going TTL trigger pulses 









1. an NE 555 V 
| 2. an inverter 


. Th ree power supplies 


.*5V at 1 amp AD 905 
2. +15V at 100 ma. AD 902 


C. A 200 kHz, 2 microsec pulse generator consisting of 


Powermate MM 12A 
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: p. Ew We have an ADC- SR-DAC system composed of 


ADC, 10 bits of which we use 9, Analog Devices ADC-10Z-002 


2, Nine Static Shift Registers, Signetics 2533, 1 x 1024 


3. 


DAC, 10 bits of which we use 9, Analog Devices, DAC-10Z-3 


F. We have five latches: 


G. 


e 


ROO 


Delay 

Begin 64 count (Begin at end of selected delay period) 
End 64 count 

End waiting period (about 9 sec) 


Flag disappearance 


We have two strings of dividers: 


Starting out with 200 kHz, 2 „sec pulses, the following are always running, 
except when held in CLEAR (by either a "clear" pulse, or by input thru SW 4) 


mmu aam tar e a NUI YOR Ia a mm nmm mires ta Mtt aa d P rra 


INPUT OUTPUT 

200 kHz 

~ 10 20 kHz 

a 5 4,000 Hz 

=~ 20 200 (has a !4 period of 2.5 m'sec) 
E 2 100 (has a !4 period of 5.0 m'sec) 
ue 2 50 (has a 1⁄4 period of 10 m'sec) 
INPUT “OUTPUT 

8,000 Hz 

+ 256 31.25 Hz (has a V4 period of 16 m'sec) 
<- 2 15.625 Hz 


The various outputs from these dividers are used to accomplish the following 
functions: 


1) The 200 kc and the 4,000 Hz are used to generate 2 microsec, 4,000 Hz 
pulses for the ADC convert command. 


2) The 20 ke and the 4,000 Hz are used to generate 10 microsec, 4,000 Hz 
pulses shifted 38 psec later than the ADC convert command to clock the 
SR's for data acquisition and intra-SR data shift. 


3 


Sewer 


The 25 Hz and the 200 kc are used to generate 2 microsec pulses at 25 Hz 
for SR readout clock. 


4) The 200 Hz, 100 Hz and 50 Hz are each used to generate selectable initial 
delays for the 4,000 Hz SR clock startup. The delay is equal to the 14 
period of the respective (symmetrical) counter unit. Zero delay, 2.5 
m'sec. and 5 m'sec. delays are available. 


zT —— B) The 31.25 Hz is used to generate a "window" 16 m'sec. wide (after the 
-> selected delay in the start of the 4,000 Hz SR cu to allow 64 bytes 


z r un data 1 to be eas and inserted into. a HE 










le whether t the incer is a à single b event a $ e pert train. 


Compound Electromyogram . . . Lee, et al 267 


H. There are eight control elements 


M 


The SR clock control, which has two inputs 


a. “select freq.” input 





b. “clock cut-off" input TRUTH TABLE 
select input 0 0 Bi E 
cut-off input G.-t 0. X3 


OUTPUT (from inv.) 0 4 kHz 0 25 Hz 





SR #10 (FLAG-TRACK), a tenth 2533. A“1” is inserted into this SR at 
any time data is acquired and fed into the SR's, and only at those times. 


FLAG-IN gate (F I gate) 


a. opens to allow convert command pulses to reach the ADC when gate 
input is “1” (ie., output 3 of excl. OR #1) 


Clear-signal generator, which puts out “clear” pulses of both polarities upon 
receipt of stimulus trigger (or manual push-button) to clear all dividers, 
latches and flip-flops (provided there is a “0” on both flag-track input and 
output. 


9. SW 4, a 2-position switch to allow triggering from stimulator or TTL source. 


8. 


SW 3, which opens the F I gate, selects 4,000 Hz and lets the SR clock run 
continuously for test purposes. In this mode the circuit acts as a simple 
1024 

4000 

Delay Selector Switch: selects time interval between trigger input and start 
of 16 m'sec window. Selectable delays are 0, 2.5 and 5 m'sec. 


Time Expansion Selector SW: chooses X30, X80 or X160. 


analog delay of sec (= 256 m'sec). 





I. Three of the operational control elements are operated by their respective ex- 
clusive OR gates 


L 


2. 


3. 


SR clock control 
a. "cut-off" input from excl. OR £3 
excl. OR #3 inputs are: 
1) flag disappearance latch (0—1 upon flag-track output going 1—0) 


2) output of excl. OR #2 (the inputs of which are from the “end of 64 
counts latch" and the “end of waiting period" latch) 


b. ("select" input comes directly from flag-track output) 


SR #10 (flag-track) input: 
from #1 excl. OR output, the inputs of which are: 


a. begin 64 counts latch which is at ‘1’ during clear, and goes to ‘0’ upon 
leading edge of first of the 64 SR (4000 Hz) clock pulses. 


b. end 64 counts latch which is at ‘1’ until 64 pulses (10 m'sec) after 64 
counts begin. 


FLAG-IN GATE (ADC Command Enable) 
from output of #1 excl. OR (same as 2. above) 


J. Avoidance of illegitimate states: 


1. 


“X-LAX” SR Clock Gen.—It is good practice in digital design to have some 
automatic reset mechanism for a system which may inadvertently fall into 
unallowed states. Thus, at convenient times the shift registers must be emp- 
tied. This circuit allows a 10 m'sec train of 200 kHz pulses to clock the SR's 
and thus empty the Flag Track at each flag disappearance. 


IV) 
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2. OPERATIONAL IMMUNITY GATE: A NOR gate (7402) is used to block 
the CLEAR GENERATOR whenever a “1” is either going into or coming 
out of the FLAG TRACK. Thus, a trigger coming during data acquisition or 
read-out is ignored. It is necessary to block the CLEAR GENERATOR 
during the 10 m'sec “x-lax” period. Thus, the FLAG TRACK “1” output, 
delayed by a few microseconds to avoid glitches, and inverted, is NANDED 
together with the Q output of the “x-lax” GENERATOR TIMER to feed 
the NORgate. 


THE EMG SIMULATOR-CALIBRATION SIGNAL CIRCUIT: 


This provides a simulated EMG pulse which, because of its waveshape, enables the 
viewer to instantaneously evaluate the condition of all signal carrying circuits in 
the instrument, the neuromuscular transmission (NMT) monitor. At the start of 
the simulated pulse a trigger pulse appears at the auxiliary trigger output which 
enables the NMT monitor to respond to the simulated pulse in exactly the same 
way as it responds to the evoked compound EMG. 


The circuit generates either single biphasic pulses or trains of pulses at approxi- 
mately 50 per second, depending upon which switch is used. 


The simulated pulse is initiated by a 414 millisecond positive going TTL pulse 
coming from NE555 42. NE555 #2 puts out these 414 millisecond pulses when 
triggered by either the “single” switch or the output of NE555 #1. NE555 #1 nor- 
mally is quiescent, but puts out a train of negative going TTL 1 millisecond pulses 
at 50 pps when the “tetanus” switch is depressed. 


The simulated pulse comes from the output of integrator SN72747N #3. The inte- 
grator is reset by FET 2N4393 which keeps the integrator output at 0 volts when 
a large positive voltage is applied to the diode on its gate, and allows the integrator 
to integrate when a large negative voltage is applied to the diode in its gate. When 
the integrator integrates, its output rises at a rate of approximately 3 volts per 
millisecond. The integrator output goes positive or negative, depending upon the 
polarity of the input signal. This signal comes from the output of reversing compara- 
tor 72747 #1. 


The voltage applied to the gate diode of the 2N4393 comes from the output of the 
lockout comparator 72747 #2. This output normally sits at approximately +13 volts, 
thus keeping the integrator output at O volts. 


When the 414 millisecond positive TTL pulse arrives at the inverting input of the 
lockout comparator 72747 #2 from NE555 #2, the simulated pulse cycle starts. The 
positive pulse at the inverting input of 72747 #2 causes its output to go negative 
allowing the integrator to integrate. The reversing comparator output at this time 
sits at —14 volts, thus the integrator output goes positive. When the output reaches 
approximately +6 volts, the reversing comparator flips, its output becomes approx- 
imately +14 volts and the output of the integrator goes negative. After 4 millisec- 
onds the output of the integrator has crossed the 0 voltage line, and even though 
the positive TTL pulse on the lockout comparator disappears at 41% milliseconds, 
the lockout comparator output remains negative because of the negative voltage 
applied to its non-inverting input. When the integrator output reaches approxi- 
mately —6 volts the reversing comparator flops, causing its output to become once 
again negative and, therefore, the integrator output to go positive. When the inte- 
erator output slightly exceeds 0 volts the lockout comparator flops, and the cycle 
ceases. 


The slope of the integrator output is determined by the time constant of the input 
resistor and the feedback capacitor. The slope is easiest adjusted by adjusting the 
input resistor value. The symmetry of the positive and negative peaks may be con- 
trolled by adjusting the negative feedback resistor of the reversing comparator 72747 
#1. The peak voltage is adjustable by changing the positive feedback resistor of the 
reversing comparator 72747 #1. 
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This simulated EMG circuit may be used in several ways to demonstrate the per- 
formance of various elements of the system. 


The test circuit must be connected to the NMT monitor in two places. First, a 
special input cable to the NMT monitor is substituted for the normal patient leads. 
This cable plugs into the input phone jack of the NMT monitor and also into the 
simulation circuit output. Second, a dual BNC cable is used to connect the auxili- 
ary trigger output of the simulation circuit to the auxiliary trigger input of the NMT 
monitor. The NMT monitor selector switch must be turned to the negative TTL 
position. 


Initial testing should be done with the NMT monitor “function switch" in the “test” 
position. This converts the NMT monitor into a simple delay line of the 1024 
elements at 4000 cycles/sec. The signal passes serially through the preamplifier, the 
gain amplifier, the analog to digital converter, the shift registers, the digital to 
analog converter, and thus tests all these elements without effect of the digital 
control circuitry. A cathode ray oscilloscope must be used. 


A single simulated pulse will thus appear at a delay time of .256 sec, as also will 
the continuous train of pulses generated by the “tetanus” switch. The shape of the 
observed output pulse will enable the user to immediately determine the parameters 
of the amplifying system. High frequency cutoff results in rounding of the corners 
of the triangular simulated pulse. Low frequency cutoff results in a boat sail shape 
to the triangular pulse. Since the simulated pulse voltage is known to be 6.0 milli- 
volts, the gain of the complete system may be easily observed. Proper operation 
of the A-D and D-A converters and shift register system is assured if the triangular 
pulse appears normal. Any aberration in the circuits will show up as an abnormality 
in the observed output triangular simulated pulse. 


If all of the circuits are go, the NMT function switch is flipped to “operate” and 
the complete NMT monitor tested by simulated single signal pulses and tetanic 
trains. 


V) CIRCUIT DIAGRAM: (figure) 


NASOTRACHEAL SUCTION. Blood cultures were obtained before and for 30 minutes 
following nasotracheal suctioning (NTS) in 68 hospitalized patients and 30 healthy 
volunteers. Twelve patients in the hospitalized group (17.6 percent) and one from 
the control group (0.33 percent, P<0.05) developed bacteremia after NTS. All patients 
had negative blood cultures 20 minutes after NTS. All but 2 patients developing 
bacteremia had the same organism predominating in the nasopharynx. The transient 
nature of the bacteremia and the lower bacteria blood levels than after other proce- 
dures (dental extraction, genitourinary manipulation) may make prophylactic anti- 
biotic coverage in susceptible patients an impractical approach. However, a recent 
history of NTS should be kept in find when considering the possible origin of endocar- 
ditis. LeF rock JL, Klainer AS, Wu W-H, et al: Transient bacteremia associated with 
nasotracheal suctioning. JAMA 236:1610-1611, 1976) 
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Trains of neurally evoked compound electro- 
^ myographic responses of the thenar muscles 
were studied in 20 patients anesthetized with 
. enflurane and N:O and paralyzed with d-tubo- 
urarine. Fade was correlated with stimulus 
requency (0.1 to 50 Hz) and degree of neuro- 
uscular block. The lowest response in a train 
ccurred on the 4th and the 6th-to-8th re- 








- ADE of neurally evoked muscular re- 
. 4 sponse is a characteristic of neuromuscu- 
- lar block produced by d-tubocurarine (d Tc). 
. During block, both the mechanical and the 
. electromyographic (EMG) responses. fade 
-© when a train of responses is elicited.!.? The 
magnitude of fade depends upon the degree 
. of block and the frequency of stimulation. 
_As the frequency of nerve stimulation ex- 
. ceeds 5 Hz, the mechanical responses to the 

train stimuli fuse partially, so that the mus- 
cle does not return to resting tension be- 
2s tween twitches; if the frequency exceeds 20 
;, responses fuse totally to become a teta- 
, 80 that the mechanical response to each 
imulus is no longer observable.5? How- 
. ever, the EMG responses (compound EMG) 
main discrete. Critical analysis of fade 
quires analysis of the EMG train of re- 
ponses because the mechanical responses 
_ become cumulative and inertia-dependent 
when the twitches fuse and may not reli- 
i ably reflect changes in neuromuscular trans- 

mission. 
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sponses when the train was elicit x 
and 50 Hz, respectively. Fade wa 
servable with deeper block and coul 
demonstrated by 5 Hz stimuli. Wit 
stimuli, a concomitant facilitation, | b 
from the beginning of the train, partially or 
pensated for the fade. ee 


Katz! and Epstein and Epstein? dave: re- 
ported that most fade occurs within a frac- 
tion of a second on initiation of a tetanus, or ^. 
within the life span of no more than a few 
mechanical twitches during which many 
EMG responses are available. Close exam- | 
ination of the EMG response during this .— . 
critical period is thus a key to exact quan-  . 
titation of the magnitude and the time 
course of fade of the neuromuscular trans- 
mission. 


This report concerns a systemic and quan- 
titative investigation on fade observed dur- 
ing neuromuscular block produced by dTe. — 
An effort was made to determine the opti- . 
mal stimulation pattern, for possible clinical 
application. 


METHOD i 
Ten men and 10 women (ASA class I or. : 
ID, under general anesthesia for various — 
operations, were studied. All gave informed >- 
consent. Body weight was 63 (+ 15) kg and 


: Associate Professor, Department of Anesthesiology (UCLA), Harbor General Hospital Campus, ore | E 





(o ently m 
^... system and had normal body temperature. 
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173 Ce 13 em. . All were appar- 
as. regards. the neuromuscular 


hei ght E 


 Enflurane-N,O-O, for anesthesia and dTc 
for relaxation had. been. chosen before the 
study began. 


Premedication, given IM at 1 hour before 
induction of anesthesia, consisted of 100 mg 
of pentobarbital or 25 mg of promethazine, 
6 to 12 mg of morphine or 50 to 100 mg of 
meperidine, and 0.4 to 0.6 mg of atropine. 
Anesthesia was induced with thiopental, ap- 
proximately 4 to 6 mg/kg, and maintained 
with 0.5 to 1.2 percent enflurane and N.,O-O, 
(60:40). The only relaxant used for intuba- 
tion as well as for relaxation was dTe. La- 
ryngotracheal spray with 4 percent lido- 
caine (total 160 mg) facilitated intubation. 
Ventilation was 12 ml/kg per breath, 10 
breaths/min, controlled with a mechanical 
ventilator. 


The ulnar nerve was stimulated at the 
wrist. A pair of stainless-steel needles was 
placed subcutaneously near the nerve. Su- 
pramaximal square pulses of 0.2 msec dura- 
tion were derived from a Grass S88 Nerve 
Stimulator, and delivered to the needles 
through a Grass SIUS Stimulus Isolation 
Unit. The frequency of stimulation was 0.1 
Hz continuously, or as specified below for 
train responses. 


"The evoked compound EMG of the the- 
nar muscles was recorded by use of a new 
instrument described separately." The com- 
pound EMG was picked up by 3 Grass EEG 
disc electrodes. The sensing electrode was 
taped to the skin on the dorsum of the hand 
over the bulk of the thenar muscles and the 
reference electrode was taped to the index 
finger. A 3rd electrode between the other 
two was connected to the shield of the cable. 
In the machine, the compound EMG was 
converted into digital signals. Each EMG 
. was assigned a 12-msec window, during 
which it was counted by a 9-bit-byte binary 
numerical system 64 times. After amplifica- 
tion and storage with memory, it was con- 
verted back to analog signal, with a time 
expansion of 160x. A hot-stylus oscillograph- 
ic recorder then recorded the signal on-line. 
Single responses were recorded singly. 
Groups of up to 16 responses elicited as a 
train at any frequency (0.2 to 50 Hz) were 
recorded as a train in a session. 


After stabilization, neuromuscular block 
was produced by IV injection of dTc, the 
initial dose being that which provided ap- 
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proximately 90 to 95 percent block of the 
thenar EMG, with the patient under anes- 
thesia. Study was performed at 4 levels, 1 
before injection of dTc and 3 during the 
course of spontaneous recovery when the 
block became 75, 50, and 25 percent of con- 
trol, respectively. The following trains of 
responses were elicited: 


no block: 2 Hz, 50 Hz 
block: 0.5 Hz, 2 Hz, 50 Hz 


5095 block: 0.2 Hz, 0.5 Hz, 1 Hz, 2 Hz, 
5 Hz, 10 Hz, 20 Hz, 50 Hz 


0.5 Hz, 2 Hz, 50 Hz 


T9095 


2595 block: 

'The number of responses recorded from 
any train was more than 4 but no more than 
16. More than 4 responses were required 
for the study because the lowest response in 
a train might not occur until the 4th re- 
sponse. No more than the beginning 16 re- 
sponses from each train were recorded be- 
cause the current version of our EMG ana- 
lyzer had a capacity of 16 responses.* Since 
the lowest response in a train invariably oc- 
curred before the 10th response, the capa- 
city of 16 responses was adequate. To mini- 
mize post-tetanic effect and decurarization, 
tetanic stimulation was applied only briefly, 
for example, 0.5 seconds at 50 Hz, 1 second 
at 20 Hz, 2 seconds at 10 Hz. In addition, 
ample rest was allowed between trains of 
stimuli—roughly 10 seconds after a 2-Hz 
train, 30 seconds after a 5-Hz train, and 
2 to 3 minutes after a 10-Hz or 20-Hz train. 
Stimulation was not repeated after a 50-Hz 
tetanus, except for continuation of the 0.1- 
Hz stimuli, until the next level of test was 
due. The ratio of the lowest response to the 
first response in each train was correlated 
with the frequency of nerve stimulation and 
the degree of block. 


RESULTS 
Typically, the amplitude of the neurally 


evoked thenar compound EMG was 12.9 + 
2.7 mv before block (fig 1). 


A train of EMG responses elicited at 2 Hz 
faded rapidly from the 1st response to the 
4th, followed by a steady response (fig 2). 
This resembles the mechanical responses 
described previously. A train of EMG re- 
sponses elicited at 50 Hz also faded, but the 
fade did not follow the same pattern of pro- 
gression as the 2-Hz train. The 2nd, 3rd, 
and 4th responses, especially the 2nd, were 
sustained out of proportion. As a result, 
these responses ma 50-Hz train had higher 
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Fre 1. Train of compound EMG responses of thenar muscles elicited bv stimulation of ulnar 
“The compound EMG was recorded by a special instrument capable of computation, storage with memory 
a -and time expansion. Shown are trains of responses elicited 
1j Control and at 50 percent neuromuscular block produced by d'Tc. 
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POSITION OF RESPONSE IN TRAIN 


Fig 2. Trend of neurally evoked train EMG 
responses during 50 percent neuromuscular block 
by dTe. Ranges are + 1 SD. The 2nd, 3rd (not 
shown), and 4th responses in a 50-Hz train are 
disproportionately high in amplitude. No sensitivity 

- 48 gained by applying more than 4 stimuli in a 
2-Hz train or more than 8 stimuli in a 50-Hz train. 
eyond the 6th response, the 50-Hz responses tend 
fade more than the 2-Hz responses, However, 
-Hz responses fade most, as shown in figure 4. 























amplitude than the corresponding responses 

| 2-Hz train (fig 1, 2). The disproportion- 

< ately high amplitude of these responses 

shifted the position of the lowest response 

In a 50-Hz train 2 to 4 responses backward 
along the train (fig 3). 





Figure 3 shows the location of the lowest 
response in a train measured during 50 per- 
cent block. The 2-Hz train had its lowest 
response on the 4th in 19/20 instances. The 
..90-Hz train had its lowest response on the 
o 8th responses in 18/20 instances. Fol- 
g the lowest response, the train either 
nained stable or recovered slightly (fig 1). 
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at various frequencies (tetanic or subtetan 


servable the fade became, but only up to. 
9 Hz (fig 4). From 5 Hz or 50 Hz, the fade - 
became more variable from patient to pa 
tient, but in general the mean fade. became : 
less, rather than more, pronounced, : 


Figure 5 correlates the magnitude ot: fade z 
with the degree of block. Without block, a ^. 
facilitating effect was observed in a 50-Hz 
train, so that the highest response in a 50-Hz — 
train was 122 + 21 percent (range: 86 to 
16775) of the single response. This occurred. — 
on the 6th to 10th responses of the train. ^ . 
In only one patient was fade observed in the — 
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Fig 3. Location of the lowest EMG response in 
the train, at 2 frequencies, In parentheses are num- 
ber of patients, totaling 20, whose lowest response 
occurred at the position indicated. 
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01 0205 | 
STIMULUS FREQUENCY (Hz) 


2 5 10 20 50 


. Fio 4. Relation between fade and frequency of 
stimulation during 50 percent neuromuscular block 
produced by dTc. Fade, defined as the decrease in 
. ratio of the lowest response to the Ist response 
: jn the train, becomes best seen at 5 Hz as the 


. stimulus frequency is increased from 0.1 Hz. 


RATIO 





NEUROMUSCULAR BLOCK (*&),dTc 


Fic 5. Relation between fade of EMG responses 
and degree of neuromuscular block produced by 
dTc. Fade exists if the ratio of the lowest response 
to the Ist response in the train is below 1. Ranges 


EE. are -cE1SD. In control, 50-Hz stimuli facilitated the 


. "response rather than depressing it. Degree of neuro- 
muscular block is measured by amplitude of the 
singly evoked compound EMG. 


50-Hz train. During block, the deeper the 
block was, the more profound the fade be- 
came. 


DISCUSSION 


Our results provide EMG evidence of 
train-of-4 fade, as described for mechanical 
response by Ali's group?-? and ours,? suggest- 

ing that quantitative assessment of nonde- 
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polarizing neuromuscular block and indirect 
assessment of adequacy of respiratory power 
with the train-of-4 can be done electromyo- 
graphically as well as mechanically.?-5.9 


The concept that the deeper the block, 
the more profound the fade! also is sup- 
portable electromyographically. Our data, 
however, did not suggest apparent linearity 
of correlation, although Ali and associates, 
using mechanical responses, demonstrated 
linear correlation between the degrees of 
block and fade.? 


The concept that, during neuromuscular 
block, the faster the application of stimuli, 
the more profoundly the train responses 
fade,;?9 is supported only if the stimulus 
frequency remains subtetanic, below 5 Hz 
(fig 1, 4). Within the frequency range ob- 
served, no sensitivity is gained by applying 
tetanic stimuli. When a 50-Hz tetanus is 
applied, an immediate facilitating effect par- 
tially compensates for the fade. The facili- 
tation begins at the 2nd response in the 
train and manifests itself as the dispropor- 
tionately large 2nd, 3rd, and 4th responses 
(fig 2). 'This may be one reason why high- 
frequency responses do not fade more than 
the subtetanic responses, and why fade is 
best seen electromyographically at 5 Hz. 


Apparently, a single stimulus is suffi- 
cient to elicit both measurable fade and 
measurable facilitation during neuromuscu-. 
lar block, because both begin with the 2nd 
response in appropriate trains, which is pre- 
ceded only by a single stimulus (fig 2). 
Since facilitation requires 50-Hz train stim- 
uli, in which the 2nd stimulus occurs 20 
msec after the 1st, one deduces that a single 
stimulus facilitates the neuromuscular trans- 
mission for 20 msec. Since fade can be dem- 
onstrated with any stimulus frequency above 
0.2 Hz* (fig 1, 4), one likewise deduces that 
a single stimulus depresses the neuromus- 
cular transmission for as long as 5 seconds. 
'The relation between the short-lived facili- 
tation elicited by a single stimulus and the 
long-lasting post-tetanic facilitation com- 
monly elicited by a 50-Hz tetanus of 5-sec- 
onds duration is unknown. 


Epstein and Epstein? observed fade with- 
out neuromuscular block, Katz observed 
variable results,! while we observed facilita- 
tion in the EMG train elicited at tetanic 
frequencies. As Katz! pointed out, multiple 
factors, such as the muscle studied, stimulus 
frequency, and anesthetic technic, may ex- 
plain the difference. in | results. 





E Neurally Evoked Compound Electromyogram . . 









During neuromuscular block produced by 
Epstein and Epstein and Katz ob- 
ed that a tetanus accomplishes most of 
de within the beginning fraction of a 
cond. More exactly, we find that the EMG 
nse fades to its minimum value be- 
he 4th and the 10th responses in any 
-and within the beginning 0.2 seconds 
= m-a 50-Hz tetanus. Various investigators 
^ using different technics have located the 
=- -position of the maximal fade similarly, 
. whether mechanical or EMG train-of-4 or 
_ tetanic responses are concerned.!-3.6 Imme- 
= diately after fade, the response generally 
. sustains at that level or recovers slightly, a 
E Dos fade as unusual. The facilitat- 














"Thus a tetanus, if needed, probably need 
N be more than a fraction of a second 










er, as iau applied clinically, may 
le secondarily after an initial partial re- 
'ery;? we, also, have observed this effect. 
ie. general principle of measurement, how- 
- ever, is that the quantity to be measured 
a should not be altered by the measuring pro- 
-> gess. Since a tetanus facilitates the neuro- 
. muscular response during and following its 
- application, has a decurarizing effect, and 
.. may fatigue the muscle, tetanus is not an 
unbiased indicator of fade or of neuromus- 
cular transmission in general.!? In the past, 
tetanus of long duration was generally be- 
. lieved to be the most sensitive indicator of 
_.. neuromuscular block, but our!? recent com- 
<=- parison of 10 parameters of neuromuscular 
block in the cat showed train-of-4 to be 
.. more sensitive than tetanus. 









cce Waud and Waud,!! on estimation of the 
= "ración of receptors required for normal 
train-of-4 and for sustained tetanus, con- 
cluded that “the advantages of the train-of- 
four index must lie not so much in sensi- 
tivity.” We argue that the whole range of 
0 to 100 percent block of the twitch occurs 
within a receptor occlusion range of only 
10 percent or less. Therefore, their receptor 
occlusion study must not be sensitive enough 
for critical comparisons. Fractioning of un- 
occluded receptors does not necessarily cor- 
. relate with number of muscle fibers contract- 
ing, because muscle fibers contract all-or- 
nothing. Besides, use of succinylcholine and 


. Lee and Katz 









prolonged application of 100-Hz “tan 
alter the state of the neuromuscular trans: 
mission under investigation. | | 


We again propose substitution of train. 
of-4 for tetanus when fade is a clinical con- _ 
cern.? It is more consistent, highly sensi- .. 
tive, less painful, quantifiable without com- ...- 
plex instrumentation, is not complicated . © 
by facilitation or fatigue, and. correlates well -~ 
with other parameters of neuromuscular re- =- 
covery.? Mechanically, 4 responses 0.5 sec- 
onds apart are satisfactory.?-9.9 Electromyo- 
graphically, 4 responses 0.2 seconds apart 
represent the most sensitive method of | mon- 
itoring with the least stimulation, This] 
tern of train-of-4 at 5 Hz stimulatio 
ommended, when practicable, for monitor 
neuromuscular block and fade electromyo- 
graphically in the clinical setting.® UR 
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: ON for Awake Pronation of Surgical Patients 


CHINGMUH LEE, MD* 
ANGELINE BARNES, MDT 
EUGENE L. NAGEL, MD¢ 


Torrance, CaliforniaS 


Pronation of anesthetized patients may result 
in complications. Neuromuscular block in- 
creases the risk. To minimize the risk, the 
authors devised a technic of "awake prona- 
tion," evaluating its feasibility, in 11 consecu- 
tive patients in a l-year period for 12 opera- 
tions; all attempts were successful and with- 


Dosenos of an anesthetized patient 
may be complicated by trauma, airway 
obstruction, and kinking, disconnection, or 
entangling of tubes, catheters, wires, and 
hoses. After pronation, cephalad or caudad 
adjustment carries similar risks. Neuromus- 
cular block may increase the risk of trauma 
by elimination of protective muscle tone. 
The need to provide artificial ventilation 
may remove the anesthesiologist’s hand 
from the head of the patient and divert his 
attention from the patient to the anesthesia 
. machine, Simultaneous transportation, as 
from the orthopedic bed to the operating 
table, further adds inconvenience. Hypoven- 
tilation of the patient or hurried and im- 
proper execution of the positioning may 
occur. 


We, therefore, consider it advantageous, 
when pronation of surgical patients is re- 
. quired, to perform the maneuver while they 
breathe spontaneously and before they lose 
consciousness, especially in oversized pa- 
tients and those with osteoporosis. Preferred 
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out complications. Neuroleptanalgesia is 
achieved with droperidol and fentanyl, topical 
anesthesia of the upper airway is induced 
with lidocaine, awake intubation is perfermed 
orotracheally under direct vision, and prona- 
tion is accomplished with patient cooperation. 


candidates are patients whose medical con- 
dition warrants awake intubation, paiients 
to be operated upon under neuroleptanalge- 
sia in the prone position, those with exten- 
sive skin lesions and grafts or with deform- 
ity or limitation of motion of any joints in- 
volved in positioning, patients who may not 
tolerate the prone position and therefore 
need prior test positioning, and those con- 
nected to multiple drains, catheters, moni- 
toring cables and associated devices. 


METHOD 

A total of 11 patients undergoing 12 oper- 
ations in the prone position were studied 
(table). All were connected with multiple 
probes, catheters, and monitoring cables. 
Four procedures were performed by the sec- 
ond author, a first-second year resident, the 
remainder by rotating residents, under su- 
pervision of the first author. Except for the 
second author, residents had not been pre- 
viously instructed in this technic. 


No special premedication was given. Each 
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ASA Weight 
status cm kg 
F li 153 61.5 
M II 176 96 
M IIE 176 96 
4 22 M I 175 66 
5 64 F IIl 160t 60 
6 32 M HI 170+ 12.5 
7 89 F IV 1601 50 
8 68 M IH 174 16 
46 M HI 175 72.5 
22 M I 175 63.5 
68 M HE 178 73 
47 M HI 1607 66 





patient was told during the preanesthetic 

visit or at the beginning of the procedure 

- that, after establishment of profound relaxa- 

~ tion and deep sedation but before induction 

— of “sleep,” a breathing tube would be in- 
serted into his or her windpipe to protect 
the airway and to ensure ventilation. 


After an infusion line has been secured, 
neurolepsy was achieved by in jection of 
droperidol (2.5 mg/ml) and fentanyl (0.05 

... mg/ml) separately or in combination, in 
=> áncrements of 0.5 to 1 ml ( total 1.5 to 5 ml 
— . each), until the patient confirmed drowsi- 
-ness and relaxation. Care was taken to avoid 
obtunding the patient's ability to cooperate. 
Simultaneously, the oropharynx, tonsilar 
- - pillars, epiglottis, and larynx were repeated- 
ly sprayed, progressively, with 10 percent 
lidocaine, flavored for topical use. Superior 
laryngeal blocks, using 2 ml of 2 percent 
lidocaine on each side, were performed at 
the residents' discretion. 







'The trachea was anesthetized with 3 to 4 

ml of 4 percent lidocaine injected trans- 
tracheally by needle puncture of the thyro- 

. cricoid membrane or sprayed translaryn- 
= ;geally under direct vision, using a laryngo- 
- tracheal cannula. The trachea was intubated 

.. oro-laryngeally. To facilitate intubation, the 
patient was voice-paced to breathe in and 
out. On intubation, he was told that he 





TABLE 
Subject Data 





OTT 






Rationale for 





Surgical operation procedure 
L-a laminectomy Paraplegia 
Li- laminectomy Overweight 
Second L..; laminectomy Overweight 
Hemorrhoidectomy Elective | N 
Li; wound debridement Bulky dressing E 
Decubitus ulcer debridement Overweight . f 
Rectal dilatation, | Cachexia 
sigmoidoscopy uu 
Spinal A-V malformation Overweight cae = 
excision dos © 
Perineal rectal abscess Overweight A i 
drainage A o 
Hemorrhoidectomy Elective 
Thoracic laminectomy Overweight 


COPD 





Thoracic laminectomy 


could breathe well but wouldn't be able to 
talk because of the tube. Reassurance was . 
given. After a pause, the proper location of — . 
the endotracheal tube was confirmed, an = 
oropharyngeal airway was inserted, and the 
endotracheal tube was taped securely. = 





During pronation and subsequent adjust- . . 
ment, the patient was encouraged to cooper- = 
ate in turning around, pulling cephalad, or — . 
raising his body for placement of the bol- . i 
sters. Respiration was paced by verbal order — . 
when needed. Patients breathed room air, 
with O» supplement when indicated. The 
anesthesiologist guarded the face, the head, - 
and the airway, and monitored the vital 
signs with full attention. | 
After a satisfactory position had been 
achieved, general anesthesia was induced. _ 
Complaints were encouraged during the |. 
postanesthetic visit. UM 


RESULTS : 

With proper explanation and assurance, 
all patients accepted the procedure readily, 
one for a second time. All patients disliked 
the taste of the topical anesthetic, and com- 
plained about the resultant awkward swal- _ 
lowing, but none was so disturbed as to ask — 
for alternative technics or to demand imme- ` 
diate induction of general anesthesia. Re- 
peated laryngoscopy caused gagging, but _ 











Vomiting did not occur. 
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i. was ameliorated as soon as neurolepsy 
and the topical anesthetic became effective. 


The motor function of the larynx was par- 
tially preserved, but no laryngospasm was 


3 a £ encountered, All patients coughed slightly, 
.. breath-held, or breathed irregularly on in- 


tubation. However, they promptly respond- 
ed to encouragement and learned to breathe 
smoothly again within several breaths. In- 
sertion of the oropharyngeal airway and 
taping of the endotracheal tube were well 
accepted. Insertion of probes esophageally, 
nasopharyngeally, or rectally was found un- 
comfortable but was tolerable, and patients 
readily cooperated in turning and position- 
. ing. During pronation and subsequent ad- 
. justment of position, patients responded to 
instructions to breathe and did not cough. 
Controlled respiration, although unneces- 
sary, could readily have been instituted if 
needed. | 


. Blood pressure and pulse rate remained 
. unchanged, except in 1 patient whose blood 


pressure dropped from 160/80 to 110/70 torr 


on relief of pain. No endotracheal tube, IV 


Ws tube, or other connections were accidentally 


. dislocated or disconnected. Each patient 
confirmed being comfortably positioned be- 
fore general anesthesia was induced. The 
extra time required for awake intubation 
was approximately 5 to 10 minutes. The 
awake pronation did not seem more time- 
consuming than pronation of an unconscious 
patient, and did not require additional 
medication. 

Patients voiced no major complaints dur- 
ing postanesthetic interviews, and only two 
had any memory of the intubation and pro- 
nation procedures. 


DISCUSSION 


The procedure of awake intubation! is 
familiar to all anesthesiologists. Its indica- 






ANESTHESIA AND ANALGESIA , : 


.teachability are not an issue here. It can 
be accomplished orally. or nasally, under 
direct vision or “blind.” Neurolepsy, neuro- 










feasibility, and 


leptanalgesia, sedation, and topical anesthe- 
sia facilitate the intubation and protect the 
patient from unpleasant memories.!.: 


Awake pronation is an extension of awake 
intubation. An anesthesiologist who has 
been successful in performing the latter 
should have no trouble with the former, 
gentle manipulations and the need for the 
cooperation of the patient being essential 
for both procedures. In addition to lack of 
patient cooperation, such conditions as in- 
tracranial hypertension contraindicate the 
procedure. 


Our patients actively assisted in turning 
themselves, and most were able to assess 
their bodily comfort once positioned. How- 
ever, since the comments of patients under 
neuroleptanalgesia are not always to be re- 
lied upon, meticulous protection still re- 
mains the anesthesiologist's responsibility. 
We have used the technic of awake prona- 
tion under various circumstances and found 
it well accepted by patients and medical 
personnel alike. It can be taught without 
unusual difficulties. 
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Administration of Ketamine or Innovar® by the 
Microdrip Technic: A Double Blind Study 


MOUSTAFA EL-NAGGAR, MD* 
JEANNE LETCHER, CRNAT 
ETHEL MIDDLETON, CRNAt 


HARRY LEVINE, PhD§ 


This study of 40 healthy adults undergoing 
elective gynecologic procedures was undertaken 
to evaluate the microdrip technic of administer- 
ing ketamine or Innovar® slowly to induce anes- 
thesia and to supplement N:O anesthesia. All 
patients were managed by the same anesthetist 
and surgeons and received 10 mg of diazepam 
and 0.4 mg of atropine IM for premedication. 
After injection of 10 mg of diazepam, anesthe- 
sia was induced by infusions containing either 
ketamine (2 mg/ml) or Innovar (0.1 ml/ml), at 
an average rate of 10 ml/min. The infusions 
were assigned to the patients randomly and 
their nature was disguised from the staff. After 
tracheal intubation, ventilation was mechani- 
cally supported and anesthesia maintained with 
N;O-O» (2:1),by drip at a rate adjusted to the 
patient's vital signs, and by intermittent injec- 
tions of 3 to 6 mg of d-tubocurarine. Special 


ETAMINE HCI] is acclaimed for its safety! 
and for having the unique property of 
inducing analgesia? and general anesthesia 
without circulatory depression. However, 
reports of a high incidence of mental aber- 
rations*^ and hemodynamic pressor re- 
sponses* 5 have limited the acceptance of 
this agent. These undesirable side effects 
were found to be conditioned by patient,” 
age and sex,? type and duration of surgical 
procedure,?.!? the psychologic and pharma- 
cologic preparation of the patient,!! concur- 
rent use of other anesthetic agents,!?-!* and 
by route, rate, and amount of drug admin- 
istration.?.? 


forms coded to suit computer use were used to 
collect data during induction, maintenance, and 
recovery, and standard mathematical tests were 
used for analysis. 

Results showed that (a) ketamine effects could 
not be differentiated clinically from those of 
Innovar; (b) ketamine dosage could be reduced 
to 0.3 to 0.5 the recommended bolus dosage; 
(c) pulse rates and incidence of mental aber- 
rations during induction or recovery were equal 
in both groups; (d) blood pressure showed a 
modest but significant increase (10% from basal 
values) until 20 minutes of tracheal intubation 
only in the ketamine group; (e) mean Pao. 
determined 30 minutes after tracheal intubation 
was significantly higher in the ketamine group; 
(f) ketamine administration by the slow (20 
mg/min) microdrip technic reduces the inci- 
dence of side effects. 


Focusing on these factors, a new technic!? 
has been developed, whereby ketamine 
(0.1%) is administered slowly by IV micro- 
drip to induce anesthesia and supplement 
N ¿O and muscle-relaxant sequence. This 
technic has been used in a large number of 
adult patients undergoing cardiovascular 
procedures at Rush-Presbyterian St. Luke’s 
Medical Center and for general surgical pro- 
cedures at Cook County Hospital. In both 
institutions, the incidence of undesirable 
side effects of ketamine was negligible.!* 


These findings, however, may have been 
prejudiced by the subjective evaluation of 
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the staff c or pce. of: qatioits. To objec- 
_ tively evaluate this method of administering 


E ketamine, a double-blind study was under- 
..—. taken, in which ketamine was randomly sub- 


stituted for Innovar?* in a uniform group of 
adults undergoing general anesthesia for 
gynecologic procedures. 


METHODS AND MATERIALS 


Forty patients, all in ASA class I or II, 
were recruited for the study. Anesthesia 
preparation and administration were con- 
ducted by the second author, and all surgi- 
cal procedures were performed by the same 
surgeons in the same environment. 


Preanesthetic medication consisted of 10 
mg of diazepam and 0.4 mg of atropine ad- 


. ministered IM one hour before operation. 


In the operating room, an IV infusion of 
balanced salt solution was started and a 
sphygmomanometer, ECG electrodes, and 
chest stethoscope were applied, after which 
10 mg of diazepam was injected IV and 100 
percent O, administered by a face mask. 


|. Anesthesia was induced by IV administra- 
<= = tion of a solution containing either 2 mg/ml 


. of ketamine or 0.1 ml/ml of Innovar at an 


^. average rate of 10 ml/min. Solutions were 
- randomly assigned to the patients and pre- 


pared by adding the exact amount of either 





*Innovar?: 0.005 mg fentanyl + 0.25 mg droperidol/ 
mil. 
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drug to a "balanced: zi solution | in 150-ml 
plastic bag containers, "The nature of the 
drug i in solution was: disguised from person- 


.nel in charge of patient. care during this 


study. 


When eyelash reflexes were clearly absent 
and the patient failed to respond to verbal 
commands, 80 mg of succinylcholine was in- 
jected and the trachea intubated with a 
cuffed tracheal tube. Ventilation was then 
controlled by a ventilator adjusted to deliver 
a tidal volume of 10 ml/kg body weight. 
Anesthesia was maintained by: (a) N.O-O, 
(2:1 L/min), delivered from a semiciosed- 
circle absorber system; (b) administering 
the drug in solution at a rate adjusted ac- 
cording to the patient's blood pressure, pulse 
rate, and response to surgical stimulation; 
and (c) intermittent injections of 3 to 6 
mg of d-tubocurarine, to permit mainten- 
ance of controlled ventilation and muscu- 
lar relaxation according to surgical needs. 
Forms coded to suit computer analysis were 
used to collect the study data. 


Statistical comparisons were made by 
Student's t-test. In each case the pooled or 
unpooled version was used according to re- 
sults of the equality-of-variance test. 'The 
matched paired t-test was used to evaluate 
statistical significance of changes from base 
values within the same group, and two-way 
analysis of variance was used to evaluate 


TABLE 


Summary of Observations During Induction and Recovery from 
Ketamine or Innovar Anesthesia 





innovar, 
mean + SD 


Ketamine, 
mean + SD 


Potency of prepared solution 
Induction dose 

Maintenance dose 

Onset of anesthesia 
Duration of anesthesia 

Total dose of d-tubocurarine 


A Need for supplemental analgesia in PAR 
within 4 hr 


1 mi = 2 mg 10 ml Innovar/100 ml 
45,2 + 21 mg 2.7 + 0.73 ml 
358.4 + 135.9 mg 13.95 + 5.84 ml 
3.33 + 1.4 min 4+ 1.8 min 
137.5 + 50.9 min 125 + 65.8 min 
19.8 + 5.2 mg 25.6 2- 7.06 mg 
1 4 





1. Patients recalled only being in the postanesthesia recovery room. 
2. Patients, surgeons, anesthetists, and recovery-room nurses rated anesthesia and recevery 


as excellent. 


3. The anesthetist managing these cases guessed correctly that the drug used was ketamine 
in 10 cases and Innovar in. 10 cases, In the remaining 20 eases, the anesthetist guessed 


wrongly. 


^ 4. The difference between mean 1 values of parameters measured in the 2 groups were statis- 


tically E f po. d 
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' data on complications observed during 
uction and emergence. A probability fac- 
X p<0.05 was considered statistically 
ficant. 


RESULTS (table) 


here was no statistically significant dif- 

ice in the epidemiologic variables or the 

ncidence of undesirable reactions during in- 

~~ duction and emergence in the patients in 
the 2 groups. 


There was a statistically significant in- 
crease in pulse rate from basal values sub- 
sequent to induction in patients in both 

. groups. This increase was statistically equal 
<> in both groups and lasted 10 minutes after 
- intubation. However, after recovery from 
-anesthesia, the pulse rate in patients given 
etamine returned to preoperative values, 
e in patients given Innovar, there was 
ignificant increase from base values. 













In ketamine patients, blood pressure 

owed a statistically significant increase 

m base values after induction; this in- 

rease lasted 10 minutes after tracheal in- 

. tubation. There was no statistically signifi- 

~~ eant change in blood pressure in patients 
given Innovar. 


After induction of anesthesia, the respira- 
tory rate did not change significantly from 
basal values in either group. Blood-gas 
values obtained 30 minutes thereafter show- 

©- ed a statistically significant higher Pao, 
— ^in the ketamine patients. There was no sta- 
-" tistically significant difference between the 
. 2 groups with regard to estimated blood loss, 
.. number of units of blood given, or amount 
f balanced salt solution administered. 








DISCUSSION 


In this investigation, ketamine (0.2% 
olution) could not be differentiated clini- 
< eally from Innovar (0.1 ml/ml) when either 
| «drug was randomly administered slowly 
. —(10 ml/min) to induce anesthesia and to 
^ supplement N,O. This finding suggests that 
the fewer side effects observed!^ when keta- 
mine was administered by a microdrip 
.. method in cardiovascular and general surgi- 
cal cases may not be related to selection of 
patients or bias of observers. 


. We found the incidence of undesirable 
reactions, including psychotomimetic reac- 
, during induction and recovery to be 
frequent but statistically equal in pa- 
ients given ketamine and those who re- 
eived Innovar. This unexpected finding con- 











tradicts earlier reports!» that ketamine is- 
associated with an alarming incidence of 
psychotomimetic reactions. More recently 
other investigators'* reported that, follow- ^ . 
ing certain precautions, ketamine can be ~~ 
used without exaggerated side effects. It 
was also demonstrated that mental aberra- 
tions decreased when the drug was substi- 
tuted for halothane or other adjuvants in 
N,O-muscle relaxant anesthesia." 


Subsequent to induction of anesthesia un- 
til 10 minutes after intubation, there was = 
a statistically significant increase in the 
pulse rate in both groups. However, the. 
blood pressure showed a modest although 
statistically significant rise with ketar 
and a nonsignificant change in patients 
en Innovar. This difference may be. caus 
by droperidol, an Innovar component wi F 
mild alpha-adrenergic receptor Pee. et: i 
fects. "AE — E 











. The modest increase in the blood pressus i 

10%) in ketamine patients is not like 
7 be related to its specific hemodynam 
pressor properties, because it has been show 
that ketamine has a depressant effect on th 
hemodynamic parameters when. admin 
tered in large doses,!? or in anesthetized 
tients, '?.'^ or in mechanically ventilated 
esthetized experimental animals.!5 The pe 
ripheral vasodilation and subsequent de- . 
crease in venous return caused by droperidol . 
may explain the statistically, but not the > 
biologically, significant drop in the. Pao, E 
values in patients given Innovar. gt ces 










Administering ketamine IV by slow NE ur 
drip allowed the use of one-third to one-half = 
the recommended bolus dosage of this agent, 
a more even level of anesthesia, and better 
stability of vital signs. However, continuous 
IV infusion of anesthetic medication carries 
the hazard of inadvertently administering 
an excessive dose if the operator's attention 
is distracted. In administering ketamine by 
the microdrip method, this hazard is less-  . 
ened by adding limited doses of the drug . . 

(100 mg) to 100 ml of fluid in a Burotrol** — . 
container or by the use of a precision in- . 
fusion pump. 


The use of diazepam, N,O, and d-tubo- . 
curarine may have minimized the incidence . 
of psychotomimetic reactions and pressor 
hemodynamic responses associated. with the 
use of ketamine. However, side effects of 
ketamine may be influenced more by the 


*Travenol Laboratories, Inc, Morton Grove. Ilinois. 
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| rate and: amame ot the F aiue. 
Dun \dee’s S group 7 found that. patients receiv- 





"higher incidence. of increased blood pressure 
- and emergence delirium. Others have found 
that psychotomimetic reactions were avoid- 
ed when ketamine was administered in 
"subhypnotic,"!? "subanesthetic," ?? or “sub- 
dissociative”? dosages. 


Wulfsohn?! indicated that ketamine in- 

jected IV in excess of 40 mg/min caused 

a directly related increase in the incidence 

of side effects and in amount of drug re- 

quired to induce anesthesia. However, he 

did not study the effects of administering 

ketamine at slower rates. In the microdrip 

— . - method, the patients receive ketamine at an 

 . average rate of 20 mg/min for induction 

| and 1 mg/min during maintenance. The 

incidence both of side effects and amount 

< of ketamine used is less than that reported 
by Wulfsohn. 


"rw ` Most of the data regarding the pharma- 
D -eologi, physiologic, and psychologic effects 
of ketamine have been determined by IV in- 

jection. of the drug as a bolus and by con- 

sidering the therapeutic dose to be 2 to 3 

times more than that used in the microdrip 

~~ method. ‘Further investigations are required 
to evaluate the specific properties of keta- 
mine administered at a very slow rate. 
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-YEAR-OLD white woman was seen for 

irther evaluation of a progressively 
ging right-lower-lobe pulmonary infil- 
that had been noted 5 months before. 
reneral health had been stable with the 
eption of a vague “flulike” illness in 1974 
nd 1975. Approximately 5 months before 
= admission, a persistent, productive cough 
-had developed. A chest roentgenogram at 
- that time revealed a right-lower-lobe pulmo- 
— hary infiltrate. One year previously, her 
--e€hest roentgenogram had been reported as 
- normal. Bronchoscopy done elsewhere had 
. been reported as negative. She is a non- 
moker. Chest x-ray films on admission 
gain showed a large right-lower-lobe infil- 
ate with elevation of the right hemidia- 
hragm. Repeat bronchoscopy revealed com- 
ression of the right-middle-lobe and right- 
wer-lobe bronchi. Bronchial brushings and 
utum for cytology were negative. 














Past medical history included an upper 
gastrointestinal hemorrhage, 214 years be- 
e admission, which had been managed 
conservatively. She also suffered from di- 
. verticulosis. Since 1970 the patient has com- 
plained of “anginal” pains characterized by 

-substernal pressure brought on by exercise 

or emotion. Previous surgery included a 
| hysterectomy in 1939 under ether anesthe- 
- sia. She was taking the following medica- 
_ tions: 








esident in Anesthesiology. 


Foundation, Rochester, Minnesota 55901. 
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Case History Number 95: 
Anesthetics and Propranolol 

















1. Isosorbide dinitrate ( lord 
q.i.d., for angina : 


2: Propranolol (Inderal) , 10 m 


for angina 





3. Nitroglycerin, as needed, for. a 


4. Diazepam (Valium), 5- mg, as n di 
for tension | 


9. Magnesium-aluminum hydroxid 
needed 


6. Terbutaline sulfate (Bricanyl 
t.i.d. 


Her weight was 143 lb (65 k 
pressure 140/80 mm Hg: and 
beats/min. 


Positive physical findings ¥ were | 
the right lung, where there was pr 
dullness at the right base with increased 
breath sounds and egophony consistent. with 
consolidation. | 


Laboratory data included the following? 


1. Electrocardiogram: normal sinus 
rhythm, rate 85/min; left bund 
branch block, abnormal ep. waves, 
question of subendocardial infarct ^. 


2. Arterial blood gases: Frio, 0.21, Pao, of 
69 mm Hg, Paco, 34 mm Hg, p 
7.44, O., saturation 9597 


3. Pulmonary function tests*: 


iate. Professor, Mayo. Medical School; Consultant, Department of Anesthesiology, Mayo Clinic and zu 


th s feature conducted by E. Paul Didier, M.D., Contributing Editor. 
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Normal 


Patient 

After 

Lower broncho- 

Mean . fimit Test dilator 
VC (liters) 2.5 2.0 1.8 1.9 
MVV (liters/min) 67 54 59 53 


MMF (liters/s) 2.0 1.1 1.1 1.1 


FEV: (% of 


predicted) 14% T48%% 75% 





*VC = vital capacity; MVV = maximal voluntary 
ventilation; MMF = maximal midexpiratory flow; 
FEV, = forced expiratory volume in 1 second. 


The SMA-12 was within normal limits. 


Because the undiagnosed lesion was en- 
larging at an alarming rate, it was decided 
to proceed with surgery. 


The surgeon planned a mediastinoscopy, 
which, if negative, would be followed by a 
- right. thoracotomy. The patient received 
- propranolol, 10 mg orally four times a day, 


<o c. the last dose being 6 hours before she en- 
tered the operating room. 


a In the operating room, a no. 14 Angiocath 


. was placed in a large vein in each arm, and 


^... electrocardiographic monitoring was insti- 
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tuted. After 5 minutes of oxygenation, the 
patient was given Innovar (fentanyl plus 
droperidol), 2 ml, and thiopental (Pento- 
thal), 200 mg, followed by 5 mg cf pan- 
curonium (Pavulon). After an additional 4 
minutes of oxygenation, the trachea was in- 
tubated with a no. 35-F Carlens tube. There 
were good bilateral breath sounds. The pa- 
tient was maintained on N,O at a flow rate 
of 5 liters/min and O, at a flow rate of 2 
liters/min with supplemental injections of 
fentanyl (Sublimaze). Ventilation was con- 
trolled manually. 


A right pneumonectomy was necessary 
when biopsy disclosed alveolar cell carci- 
noma, grade 2. At the end of the procedure, 
the patient was given atropine, 0.4 mg, and 
prostigmine, 1 mg, intravenously, and ex- 
tubated. She was transferred to the post- 
anesthesia recovery room in satisfactory 
condition. During the procedure, she had 
received 1,500 ml of dextrose 5% in lactated 
Ringer's solution and 2 units of whole blood. 
The patient's operative course and post- 
anesthesia recovery course were uneventful. 
Blood pressure during the procedure ranged 
from 160/80 to 140/80 mm Hg. Heart rate 
ranged from 75 to 100 beats/min. 


Comment 
EDWARD P. DIDIER, MD 


_ Why report such an uneventful anesthetic procedure? Not infrequently, one is 
- misled to a state of apprehension and anxiety by conditions that are actually quite 
benign. Occasionally, this inappropriate concern may result in needless delay of 
surgery or unnecessary, even dangerous, “prophylactic” medication. Thus, case 91 
. (Anesthesia and Analgesia 55:588-591, July-August 1976) reported on a child 


who was maintained on a very high Fio, for almost 3 weeks and in whom oxygen 

toxicity did not develop. This is probably unusual. Here is a report of a patient 

taken to anesthesia and surgery while she was receiving propanolol in the usual 

dosage. She had a smooth, uncomplicated course. This is very likely usual. Dr. 

Haidinyak has reviewed some of the more important considerations regarding 

candidates for anesthesia who are receiving propranolol, and he reminds us of the 
. possible consequences to the patient if we insist on abrupt withdrawal. 





discontinue therapy before anesthesia or, if 
it is discontinued, how long a period is re- 
quired. 


Discussion 
JOHN G. HAIDINYAK, MD 
Patients who are receiving long-term pro- 
pranolol therapy often become candidates 
for anesthesia and surgery. The manage- 


For a better approach to this problem, a 
brief review of the pharmacology of pro- 


ment of their propranolol therapy under 


these circumstances has been a source of 


concern to anesthesiologists. There seems to 
be no unanimity regarding the necessity to 


pranolol is appropriate. It is a beta-adren- 


ergic blocking agent. Because it is & com- 


petitive beta antagonist, it has little activ- 
ity in circumstances of absent or minimal 


Case History No. 95 


beta-adrenergic stimulation, such as is the 
. ease with a person at rest who is entirely 
. without cardiovascular abnormality. 








— Tn the presence of beta-adrenergic stimu- 
ation, either intrinsic or extrinsic, whether 
ysiologic or pathologic, the actions of pro- 
:ranolol are more pronounced. The drug de- 
reases ventricular contractility, heart rate, 
and cardiac output. Atrioventricular con- 
duction time is prolonged, and so, therefore, 
is the PR interval on the electrocardiogram. 
In patients with occlusive coronary artery 
disease, it may cause an increase in end- 
diastolic volume and pressure. Coronary 
blood flow and myocardial oxygen consump- 
tion are also decreased. Unfortunately, it 
also causes an increase in airway resistance, 
probably by counteracting the bronchodila- 
tor effect of beta stimulators, and it must 
-be used with caution, if at all, in asthmatics. 
: ‘The hypoglycemic action of insulin is re- 
luced by propranolol, through a reduction 
n the counteracting sympathoadrenal acti- 
tion. It may mask the tachycardia that 
ually heralds hypoglycemia. '-? 











-Propranolol is metabolized in the liver, 

- "and the degradation products are excreted 
by the kidney. There is extreme variation 
in plasma levels 6 hours after a dose. This 
is probably due to almost complete protein 
binding of the circulating drug and variable 
rates of hepatic uptake. The plasma half- 
life is considered to be about 3 hours. Effi- 
cacy of propranolol therapy should be based 
on plasma levels rather than on the daily 
dose. Adequate beta blockade occurs with a 
plasma level of 50 to 100 „g/ml. 


~~. Propranolol is commonly used in the 
< treatment of angina and supraventricular 
arrhythmias. It has also been used in the 
== treatment of hypertension (especially high- 
^ ;renin-secretion hypertension), thyrotoxico- 
...8i$, pheochromocytoma, and idiopathic hy- 
—pertrophic subaortic stenosis. The relation- 
ship between propranolol and anesthesia 
was discussed by Viljoen and colleagues? 
after they noted poor results after coronary 
artery surgery (four deaths in five opera- 
tions). They concluded that use of pro- 
pranolol should be discontinued for at least 
2 weeks before cardiac surgery. Their pa- 
tients had been receiving the drug up to 24 
=- hours before the procedure. However, their 
jatients were in poor physical condition and 
; ‘surgical procedures were difficult. 













Faulkner et al.,4 through human and rat 
tudies and with a thorough knowledge of 
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the disposition and metabolism of propran- 
olol, stated that it is safe to discontinue use 
of propranolol 24 hours before cardiac sur- 
gery. This conclusion was based on plasma 
propranolol levels, norepinephrine sensitiv- 
ity studies, and isoproterenol (Isuprel) test- 
ing. They also put to rest the notion that 
there is a pool of propranolol in the heart 
which remains after plasma levels decrease. 
They found that the myocardial and plasma 
levels of propranolol decreased proportion- 
ately. Kaplan and Dunbar? found no dif- 
ference in complication rates (that is, hypo- 
tension, bradycardia, arrhythmias) among. 


surgical patients who continued to receive . E 
propranolol up to the time of surgery as > 
compared with those for whom use of the = 


drug had been stopped for more than 48 E 
hours. | 


In making the decision whether to dis- 


continue propranolol therapy before anes- 


thesia, one should be totally familiar with _ 
the action and metabolism of the drug. If | 
one wishes to discontinue use of the drug, © 





this should be done slowly in tapered po 


ion, under medical supervision, because a. 


rebound phenomenon (that is, unstable an- 
gina leading to infarction)" is a possible 
complication. During anesthesia and sur- 
gery, when the patient has been receiving . 
propranolol, there is a possibility of compli 


cations related to the beta blockade. In such. 
instances, appropriate therapy may include 
in sequence, the following: 2 


1. Fluid administration rate is increased 


to temporarily expand intravascular volume. 


2. Concentration of anesthetic is de- 
creased if hypotension persists. 


3. Atropine sulfate is administered to 
counteract bradycardia. 


4. Vasopressors may be useful in com- 
bating hypotension. 


5. Isoproterenol may be used to increase 
cardiac output but will require greater than 
normal amounts. 


6. Glucagon may be more effective than 
isoproterenol to increase cardiac output 
since it utilizes a different receptor than 
that occupied by the beta blocker. 


7. Calcium ion or digitalis works intra- 
cellularly on contractile protein and there- 
fore bypasses blocked beta receptors. One 
must be alert to the possibility of atrioven- 
tricular dissociation in patients receiving 
both propranolol and digitalis. 















"C ps Goodman Is, Gilman A: "The Phar macdlogical 
Basis of. Therapeutics. Fifth. edition. 
5 poe Publishing Company, 1975, p 701 


Cms Nies A S. 
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CORRECTION 


2d "C Crdssdndextg of the article entitled "Cardiovascular Effects of Lidocaine Doring Acie 
- Base. Imbalance” by Drs. Ronald W. Yakaitis, J. D. Thomas and J. E. Mahaffey which 0 is 
"appeared i in ‘Volume 55:863-868, 1976 inadvertently was left out of the 1976 yearly index. — "m 


» . Yakaitis RW, Thomas JD, Mahaffey JE: Cardiovascular effeets of lidocaine during — 


su -Mahaffey J JE: see Yakaitis RW jt auth 


m ^. Cardiovascular effects of lidocaine during acid-base imbalance 863-868 
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| UMEROUS technics and instruments have 
: ‘ been devised to assist the anesthesi- 
E ologist during difficult intubations. Special- 
~~ ly curved endotracheal tubes, laryngoscope 
<= blades of various shapes and sizes, and for- 
<= ceps for guiding the endotracheal tube have 

all been employed. Use of the retrograde 
catheter guide, blind nasal intubation, and 
| threading the endotracheal tube over a fiber- 
~ optic laryngoscope? can be helpful, particu- 
arly in the very difficult patient, but these 
nstances can usually be anticipated from 
he history and physical examination. 
Despite the care taken in preoperative 
reening, one is often confronted with 
troublesome intubations. We have devised a 
method which can be of help in avoiding 
.. repeated and traumatic attempts at intuba- 
zl ion. The necessary equipment is a suitable- 
-size standard endotracheal tube with a Mur- 
- phy side hole and a Laryngotracheal Anes- 

thesia (LTA®) Kit.§ 


$Abbott Laboratories, North Chicago, Illinois. 
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METHOD 


Upon recognizing a potentially difficult 
intubation, we use the following proced 
Lubricate the L'TA cannula and insert 
end of the cannula through the Mur 
hole from the outside (figure). In thi: 
tionship, the endotracheal tube is sli to 
proximal end of the cannula, so that the 
endotracheal tube and 5-ml syringe. attached = 
to the cannula can both easily be held in . 
one hand. In this position, the endotracheal 
tube will not obstruct the view while the  . 
cannula tip is directed into the trachea. 
Under direct laryngoscopy, the distal po 
tion of the LTA cannula is gently | passed 
through the vocal cords into the trachea. 
Evidence of correct placement can be ob- 
tained by having an assistant move the thy- 
roid cartilage from side to side; the cannula 
will not follow these movements if it is in 
the esophagus. Using the cannula as a guide, 
the endotracheal tube can now be advanced 
into the trachea and the cannula withdrawn. 














e *Staff, Department of Anesthesia, New England Medical Center, Boston, Massachusetts and Instructor in 
B Oral Surgery, Tufts University School of Dental Medicine, Boston, Massachusetts 02111. 
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Figure. The cannula has been passed through the 
Murphy hole from the outside (insert) and then 
into the trachea. Note that the endotracheal tube 
and syringe can both easily be held in one hand 
during laryngoscopy. Arrows indicate direction 
endotracheal tube is advanced into trachea and 
direction of cannula withdrawal. 


= Finally, the usual technics are used to con- 
firm that the endotracheal tube is properly 
placed in the trachea. 





Pancreatic 


Arteriovenous 
and Celiac Plexus B 
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COMMENT 

The advantages of this technie are that 
it can be quickly and easily performed by 
a single person with equipment that is 
readily available. It has a high rate of suc- 
cess and can be mastered with a few prac- 
tice cases during normal intubations. The 
LTA cannula is well suited for this purpose, 
since it easily fits through the Murphy hole, 
has an appropriate curvature, is stiff enough 
to both lift an obstructing epiglottis and 
serve as a guide for the endotracheal tube 
without flipping out of the trachea, vet is 
soft and smooth enough to prevent trauma 
if carefully used. The described technic is 
particularly helpful in the unexpected mod- 
erately difficult intubation, when the larynx 
can be only partially visualized. 


REFERENCES 


1. Bourke D, Levesque PR: Modification of 
retrograde guide for endotracheal intubation. Anesth 
Analg 53:1013-1014, 1974 


2. Davis NJ: A new fiberoptic laryngoscope for 
nasal intubation. Anesth Analg 52: 807-808, 1973 






LAWRENCE L. PRIANO, MD, PhD* 


RONALD D. MILLER, MD} 
San Francisco, Californiat 


3 HEMICAL blockade of the celiac plexus 
has been used for relief of pain asso- 
ciated with chronic pancreatitis and cancer 
of the pancreas, stomach, liver, and gall- 
_bladder.! This report describes the use of 
this block both diagnostically and therapeu- 
tically for the relief of pain associated with 
a pancreatic arteriovenous (A-V) malfor- 
mation. This is a rare entity? for which this 
type of therapy has not been described pre- 
viously. 


*Resident in Anesthesia. 


tAssociate Professor, Anesthesia and Pharmacology. 


REPORT OF A CASE 


A 36-year-old, otherwise healthy, woman 
was referred with an 8-year history of right 
upper quadrant abdominal pain. The pain 
was not influenced by cigarettes, alcohol, 
foods, antacids, or time of day, was constant 
but sharp and radiated through to the back, 
and was only partially relieved by high 
doses of meperidine and flexion at the waist. 
Six years prior, an exploratory laparotomy 
failed to provide an etiology for the pain. 


Department of Anesthesia, University of California Medical Center, San Francisco, California 94143. 
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Brief Reports 


The patient denied any cardiovascular, re- 
- spiratory, hepatic, or renal problems, and 
e only other gastrointestinal symptom was 
0 to 7.0 kg weight loss over the preceding 
months. 













iysical examination revealed only ten- 
rness to palpation in the abdominal right 
^ upper quadrant. Oral cholecystograms, up- 
- per gastrointestinal series, and liver-spleen 
scan were all normal and her ECG was 
within normal limits. The urine had 50 
WBC/HPF and grew 109 E coli in cul- 
ture. Despite treatment with ampicillin, the 
abdominal pain persisted. Tests of liver and 
renal function were within normal limits, as 
was the serum amylase. Selective celiac and 
superior mesenteric arteriograms revealed a 
large A-V malformation involving primarily 
the pancreas, with 2 smaller A-V malforma- 
. tions in the 2nd portion of the duodenum 
- and possibly a fourth in the greater curva- 
ure of the stomach. Because of the patient's 
voung age and the high mortality and mor- 
jidity of pancreaticoduodenectomy ,? opera- 
ion was not considered in the patient's best 
interests. Neurosurgical consultants felt that 
^ a cordotomy would not benefit the patient. 
She was then referred to our Nerve Block 
Service. 












After evaluation, a diagnostic celiac plex- 
us block was performed as described by 
Moore.! 'Twenty-five ml of 0.5 percent lido- 
caine was injected bilaterally through two 
15-cm, 20-gauge needles, the locations of 
which were verified radiographically to be 
just anterior to the T,.-L, vertebral bodies. 

.. The block resulted in prompt and complete 
relief of her abdominal pain for about 2 
- hours. The following day, a neurolytic celiac 
— plexus block was performed with 25 ml of 
50 percent ethyl alcohol injected bilaterally. 
The patient noted partial pain relief approx- 
imately 1 hour later and almost total pain 
. relief 4 hours later. The following morning 
. her abdominal pain was relieved completely 
and her only complaint was mild flank pain 
at the sites of the needle insertions. Forty- 
eight hours after the block, she had not re- 
quired any analgesics and was discharged 
from the hospital free of pain. The only 
complication had been 10 to 12 hours of 
orthostatic hypotension immediately post 
pice. 


<o The patient was readmitted to the hospi- 
al 2 days later with complaints of back pain 
ind a distended abdomen. Her hematocrit 
ad decreased 10 volumes percent and mi- 
: roscopic hematuria was noted. Following a 
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diagnosis of retroperitoneal hematoma with 
a reflex ileus, therapy was instituted con- 
sisting of transfusions of packed red cells, 
nasogastric suction, IV fluids, and analge- 
sics. The problem resolved uneventfully. 


Followup revealed total relief of her orig- 


inal abdominal pain, without the use of anal- 


gesics, for a period of 3 months, at which 
time the pain recurred in a rather sudden 


and dramatic fashion. At this point she was. I 


referred to another institution. where an. 
exploratory laparotomy was performed. The 
A-V malformation was considered unresect 
able and the gastroduodenal artery was. 
gated. For a time after recovery from. 
operation, she required daily doses of meth 

adone for her abdominal pain. She now. 


takes 65 mg of propoxyphene 2 to 3 times 


daily. She has been advised to return for. | 


additional neurolytic celiae plexus blocks. | 
if her pain regains its original intensity. _ De 


DISCUSSION 


We cannot explain the mechanism by -` 


which such an A-V malformation causes 
pain. Nonetheless in this patient it was quite - 
incapacitating and was not amenable to sur- 
gical treatment. The rarity of this malforma- 
tion’ dictates that it is not a common indi- 
cation for a neurolytic celiac plexus block. 
'The intent of this report is twofold: to re- 
late what, to our knowledge, is the 1st de- 
scription of the use of this block for pain 
associated with a large abdominal A-V mal- 
formation, and to amplify the important role 
that pain clinics or nerve block services can 
play in the management of unusual and dif- 
ficult chronic pain problems. 
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|JXYGEN-AIR BLEND. .—Since considerable 
confusion often exists regarding cor- 

rect flow ratios to provide a given F10», we 
have constructed a simple nomogram with 
. Which to determine O, and air flows to de- 


a ge -liver any predetermined concentration of O, 
aoe . using separate air and O, flowmeters. 


Nomograms and tables for O.,-air mixing 
are available from various manufacturers, 
but these are primarily designed as O, 
bleed-in guides for specific ventilators. Our 
nomogram will compute the O, and air flows 
necessary to deliver a predetermined O, 
concentration to any system. 


DIRECTIONS FOR USING NOMOGRAM 
(figure) 


To determine O, and air flows to produce 
a desired Fro., trace the selected O, con- 
centration isopleth** until it intersects the 
diagonal line for total liters per minute 
(L/min) of mixture. This point describes 
the air-O. flows required in L/min on the 


| Ls ordinate and abscissa, respectively. 


Since all relations are linear, flow ranges 
| beyond. the limits. of the graph can be sim- 
ply calculated as a multiple of the indicated 


e i i flows. High i flows umay be needed in some 





that. have. oat "Alien with em to certain 
variables. l 


*Instr uctor, Bellevue Respiratory Therapy Program. 


NOMOGRAM FOR COMPUTING PER CENT OXYGEN 
WHEN MIXING OXYGEN AND AIR 


PER CENT OXYGEN CONCENTRATION IN MIXTURE 
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15 
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Figure. Choose the desired O, concentration — 


from the top or right-side scale of the nomogram. ^ 


Follow the isopleth of this concentration to the 
point where it intersects the desired total liters/min 
(LPM) of mixture diagonal line. Use this point to 
read the LPM of air on the ordinate scale and the 
LPM of O, on the abscissa. 


adult patients treated with CPAP in order 
to match peak inspiratory flow rate require- 
ments. 

Derivation of the Nomogram.—The graph 
is a solution to the equation: 

O, L/min + (air L/min x 0.2093) _ Fio 

total flow L/min TE 

of combined mixture 


Medical: Director, Department of Respiratory Care, New York University Hospital, Associate Professor, 


Depart men 












A ne ior publication ioe pec 








tof E WEW York University Medical Center. 








Brief Reports 










COMMENT 


irty separate flow combinations, deliv- 
y 2 dry-gas flowmeters and mixed in 
iber, were analyzed using a balanced 
n D-2 paramagnetic O, analyzer. 
rations predicted from the nomo- 
d measured on the analyzer were 

il ly identical. As a check on the ac- 
. curary of the mixing system, 30 random 
^. air-O, mixtures were analyzed with the D-2 
analyzer and the results compared with O, 
.. concentrations computed by the equation 
.. using air L/min, O, L/min, and total L/min 
of mixture. Computed and measured O, 
> ‘concentrations again were virtually identi- 





D The stated accuracy of commercial gas 
ee is said to be + 2 to 3 percent. This 
simple graph can determine O, concentra- 
S. with much the same accuracy. If er- 













ai 2 


rors occur, they will be related to the accu- 
racy of the flowmeters and the care with 
which they are used. 


Since gas actually delivered from flow- 2 
meters may vary 20 percent from indicated > 


values,! all gas mixtures delivered to p 
tients should be analyzed, regardless of 
whether the mixture is computed, calcul 
dialed on a blender, or determined. by an 
other means. : 


We have found this graph useful in 
creasing both speed and accuracy of air-€ 
calculations at the bedside. It has been p 
ticularly useful in setting the flowme 
used to deliver gases to our IMV- ciri 
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ITH the rising concern about gas con- 
mination of the operating-room at- 
phere, various methods have been de- 
ed for the removal of expired ventilation 
ses. One device, the gas evacuator relief 
alve that replaces the overflow valve (Ohio 
`- Medical: Products), which is attached to 
the central vacuum system, has proved prac- 
: ‘tical and efficient in the closed-circle ab- 
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sorption system. However, the problem E 
spillage of ventilation gases. in semioper 
systems for pediatric anesthesia. is s 
concern to those in close proximity. to the. 
overflow valve. ia 


A semiopen pediatric ELE Maplèson D. d 
modification type, was adapted to the gas . s 
evacuator relief valve on a circle-absorption I 


The George Washington University, and Vice Chairman, 
Southeast Community Hospital. 






















unit. The following. adaptations were made 
(figure) : o 
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WASTE GAS SCAVENGING PEDIATRIC SYSTEM 
FicunE. Hookup and adaptation of the pediatric 
System to the scavenger valve of a circle absorption 
unit, as described in the text. 











292 T . 'ANESTHESIA AND ANALGESIA M Current Researches Vor. 56, No. 2, MARCH-APRIL, 1977 


P A. l The inlet and outlet of the circle ab- 


sorber are shorted by connecting the cor- 
rugated-rubber hose across the 2 metal con- 
nectors. 


B. The gas inlet of the circle absorber is 
capped with a rubber nipple. 


C. The gas supply outlet from the anes- 
thetic machine is connected to the gas con- 
duit tubing feeding the Mapleson-D modi- 
fication system. 


D. The gas outflow tubing from the res- 
ervoir bag is connected to the bag adapter 
of the circle absorber. 


The pressure in the reservoir bag can be 
regulated by adjusting the overflow valve 
of the gas evacuator. The valve can be dosed 
for assisted or controlled ventilation. These 
modifications have proved practical and effi- 
cient for use with all pediatrie patients. 


BLOOD PRESSURE. Changes in arterial pressure were recorded in 18 patients during 
natural sleep in their own homes, Six patients were normotensive, 4 untreated hyper- 


tensives and 8 were receiving antihypertensive drugs. Systolic and diastolic pressure 
fell about 20 percent during sleep in all patients regardless of the awake pressure 
or antihypertensive treatment. The greatest blood pressure reductions usually occurred 
within 2 hours after going to bed. The magnitude of blood pressure reduction is greater 
than previously observed in hospitalized patients suggesting the hospital environment 
provided a subconscious stimulation. Furthermore, this study suggests that hyperten- 
sive patients even with treatment do not differ from normotensive patients with 
respect to blood pressure reductions during sleep. Increased baroreceptor sensitivity 
during sleep resulting in decreased central sympathetic outflow may be the explanation 
for the observed blood pressure reductions. (Littler WA, Honour AJ, Carter RD, et ai: 
Sleep and blood pressure. Brit Med J 3:346-348, 1975) 
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Passive extubation occurred unexpectedly 2 
hours after induction of anesthesia for repair 
of intraocular injuries in a 3-year-old infant. 
A bourdon effect is proposed following hernia- 


 €CcOUNTS of hazards associated with 
A armored spiral-imbedded tubes! fail 
to mention a contingency which is perhaps 
16t uncommon, and which can be prevented 
-postintubation laryngoscopy to ascertain 
at the cuff is not inflated between, instead 
below, the vocal cords. 








CASE REPORT 


A 3-year-old infant required emergency 
surgery for repair of intraocular trauma. 
Anesthesia was induced with thiopental, 
nitrous oxide, and halothane in a closed- 
circle system. To facilitate endotracheal in- 
tubation, 9 mg of d-tubocurarine was given 
IV and a 20 French flexometallic cuffed tube 
was placed into the trachea under direct 
vision but with moderate difficulty The resi- 

. dent anesthesiologist stated that he did not 
clearly visualize the tube lying in the lar- 
nx, and he elected to use indirect signs 
nstead of direct laryngoscopy to verify its 
correct. placement. 









Auscultation of both lungs vealed good 
_ breath sounds. Approximately 10 ml of air 
was injected into the cuff, but an airtight 
seal was not obtained; it was therefore as- 
sumed. that the cuff was leaking. Mainte- 

nance of anesthesia was with low flows of 

nitrous oxide and halothane, and intermit- 
. tent d-tubocurarine was used to ensure ocu- 
. lar immobility. Respiration was controlled 
.. throughout the operation. No spontaneous 
ae patient movements were noted during the 
ene period. 
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Spontaneous Extubation: A Case Report 


JACOBUS W. MOSTERT, MB, ChB, FACA, FFARCS (Eng)* 


tion of the cuff above the vocal cords, with | 
gradual ejection of the tube from the relative- — 
ly confined trachea and larynx into the more | 
accommodating pharynx. 


Two hours after induction, bradycardia < 
was observed in the electrocardiog aphic 
oscilloscope. At this time, pulmona | 
cultation revealed absent breath sound 
it was noted that the Air-Shields V. 
meter? required high flows, in excess of 1¢ 
L/min of fresh gas, to fill the reservoir bel 
lows between each inflation. Direct lary 5 
goscopy revealed that the tip of the endo- ar 
tracheal tube projected into the nasophar- 
ynx beside the distended cuff; endotracheal 
intubation was therefore performed anew 
before the operation could be resumed. __ 















DISCUSSION | 
Peterson and Jacker* list five precaution- jh 
ary steps for proper placement of endotra- 
cheal tubes: de 


1. Preoxygenation. 


2. Visualization of cords as tube is passed » 
through them. | 





3. Epigastric auscultation. 

4. Bilateral thoracic auscultation. 

5. Auscultation of breathing tube on ex- 
piratory side of circuit. 

This case report suggests addition of a 
sixth step: 

6. Laryngoscopy after intubation, to 


check that the whole cuff is below the level 
of the cords. 


The traditional reluctance of anesthesi- 
ologists to cause unnecessary trauma by per- 
forming a laryngoscopy as a routine check 


‘Professor, Department of Anesthesiology, The University of Chicago, Chicago, Illinois 60637. 
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of the proper placement of tube as well as 


cuff is unwarranted. Gillespie* clearly stipu- 
lated "An endotracheal cuff should lie just 
below the vocal cords." — 


The cuff can herniate in a distal direction, 
resulting in occlusion of the distal opening 
of the endotracheal tube, or it can herniate 
in a proximal direction, as in the present 
case, dislodging the tip of the tube out of 
the larynx. The complication can result 
when the cuff is inflated between, instead of 
below, the cords, or when the cuff is inflated 
below the cords, but the volume of air intro- 
duced into the cuff is excessive. 


In Sweden, where it is generally regarded 
as essential to check proper placement of 
tube and cuff by direct laryngoscopy, 
Holmdahl$ recommended civil prosecution 
of an anesthesiologist who admitted that he 
had failed to make any attempt to check 
proper placement of the tube by direct la- 
 ryngoscopy. As in the case described by 
Peterson and Jacker, the Swedish patient 


¿> -. died after time-consuming indirect checks, 
= such as repeated auscultation of the respira- 


In the present case, a cuffed tube was 
used in order to obtain an airtight closed 
circuit. Sudden and persistent emptying of 
the reservoir bellows should be the first sign 
of accidental passive extubation, especially 
. with low flows of fresh gas. A precordial or 
esophageal stethoscope will similarly allow 
. prompt recognition of this contingency. 







ac The bourdon effect can be readily dem- 
onstrated by inserting half of a lubricated 
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cuff on. a. exometallic tube into the proxi- 


mal end of a suitably-sized syringe from 


which the plunger had been removed. Upon 
inflation of the cuff, the syringe will eject 
the bulging cuff and endotracheal tube. 


Stanley? recently found that nitrous oxide 
has the capacity to diffuse into latex rubber 
endotracheal tubes filled with room air. At 
a concentration of 75 percent nitrous oxide, 
an initial cuff volume of 5 ml expanded to 
10 ml at 1 hour, 12.3 ml at 2 hours, 14.8 ml 
at 3 hours and 17.3 ml at 4 hours. Such over 
expansion of endotracheal tube cuff volume 
secondary to nitrous oxide diffusion into 
the cuff seemed to have triggered the spon- 
taneous expulsion of the endotracheal tube 
in the present case after a latent period of 
nearly 2 hours. 
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s CORONARY ARTERY SPASM. A 41-year-old woman with angina pectoris mani- 


fested 50 percent stenosis of the left coronary artery and 90 percent narrowing of 
the right coronary artery. Five minutes after intravenous phentolamine 5 mg the 
narrowing of the right coronary artery disappeared. Phenoxybenzamine 10 mg orally 

for several days greatly increased exercise tolerance before the onset of chest pain. 
These responses support the hypothesis that alpha-adrenergic stimulation may produce 

_ _ coronary artery vasoconstriction. Conceivably, coronary artery spasm could be an 
_ explanation for chest pain in patients with normal coronary arteriograms. ( Levene DL, 
Freeman MR: Alpha-adrenoceptor mediated coronary artery spasm. JAMA 236:1018- 
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A patient with a large mass in his lower tra- beforehand. This report describes a procedure | 
 €hea presents a real challenge to the anesthe- that successfully managed such a case involv. 
.Siologist. The anticipated management and al- ing a neurofibroma without evidence of neu 
. ternatives must be discussed with the surgeons — fibromatosis. E 


















 RIOR to admission here, this 60-year-old 
. ^ man was evaluated for the gradual onset 
>of wheezing and dyspnea on exertion. Ini- 
- tially he was treated conservatively with 
bronchodilators and steroids. When this 
failed to alleviate his symptoms, allergy 
tests with subsequent desensitization were 
undertaken, without success. On a chest 
X-ray, a mass lesion was noted in his lower 
trachea (fig 1). Fiberoptic bronchoscopy 
was attempted with the patient breathing 
spontaneously. The procedure was techni- 
cally difficult and the patient became dysp- 
neic. Because he tolerated the procedure 
; poorly, no biopsies were taken. The patient 
was then referred to the Medical University 
South Carolina Hospital for further eval- 
uation and treatment. 









- Tomography confirmed that an intrinsic 
mass almost completely obstructed his tra- 
chea approximately 2 cm above the carina 
(fig 2). Preoperative pulmonary evaluation 
revealed maximum voluntary ventilation 
(MVV) of 21 percent and 1-second forced PIE e e | s 


: Fic 1. Lateral chest x-ray; arrows indicate. ‘posi 
expiratory volume (FEV,) of 22 percent of tion of tumor. 
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Fig 2. 
tumor (arrows) almost totally occludes trachea. 


Anteroposterior tomogram shows that 


the predicted values. At the time of his 
preoperative anesthesia evaluation, he was 
wheezing and showed slight suprasternal and 
intercostal retractions at rest. Admitting to 
a marked sensitivity to antihistamines and 
tranquilizers, he was premedicated with only 
atropine. 


Upon his arrival in the operating room, a 
blood-pressure cuff and stethoscope, ECG 
electrodes, and precordial stethoscope were 
applied and a large-bore (14 to 16-gauge) 
infusion catheter was inserted. A Foley 
catheter and radial artery cannula were in- 
serted after IV administration of 2 ml of 
Innovar”. 


Blood-gas determinations with the patient 
breathing room air showed pH 7.4, Paco, 
38 torr, and Pao, 71 torr. Using local anes- 
thesia, the right femoral artery and vein 
were exposed and a membrane oxygenator 
was prepared for use, should we be unable 
to ventilate the patient on induction of an- 
esthesia. Blood was immediately available, 
as we did not know the nature of the lesion 
and were concerned that it might be an 
hemangioma. 


After preoxygenation, the patient was in- 
duced with 250 mg of sodium thiopental fol- 
lowed immediately by 100 mg of succinyl- 
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choline (SCh). When apnea ensued, he was 
intubated with a 28-French endobronchial 
tube with multiple perforations distal to the 
cuff. The tube was positioned so that the 
cuff was just distal to the vocal cords. After 
the cuff was inflated, positive-pressure ven- 
tilation was begun. Breath sounds were 
equal bilaterally and the patient was easy 
to ventilate. A postintubation blood-gas de- 
termination showed satisfactory values. Gen- 
eral anesthesia was maintained with halo- 
thane-N.O-O. (50:50). An intermittent SCh 
infusion was used to insure a quiet operative 
field during crucial portions of the operation. 
He was positioned for a right thoracotomy 
incision. After the pleural cavity was en- 
tered, the N.O was discontinued and anes- 
thesia maintained with halothane and O.. 


Intermittently, the patient developed a 
ball-valve type of obstruction, during which 
time the inspiratory phase was normal but 
the expiratory flow rate was noticeably de- 
creased. These episodes were of short dura- 
tion and not a significant problem. After 
proper exposure, a longitudinal incision 
made in the trachea just proximal to the 
carina exposed a sessile tumor with its base 
on the anterior tracheal wall. 


After excision of the mass, a 7-mm cuffed 
endotracheal tube was inserted through the 
tracheal incision into the left maim stem 
bronchus and connected by sterile tubing to 
a second anesthesia gas machine. The right 
lung was allowed to collapse and only the 
left lung was ventilated. 


High pressures with prolonged inspiratory 
and expiratory phases were required to ven- 
tilate the left lung. This was probably a 
consequence of the small-bore sterile tubing 
used to connect the anesthesia machine to 
the tube in the left bronchus. Blood-gas de- 
terminations confirmed the inadequate ven- 
tilation, with a pH of 7.11, a Paco, of 77 
torr, and a Pao, of 50 torr after approxi- 
mately 5 minutes. 


The orobronchial tube was then advanced 
into the right main stem bronchus and both 
lungs were ventilated, using separate anes- 
thesia gas machines. After 10 minutes with 
this technic, blood gases showed pH 7.27, 
Paco, 46, and Pao, 172. 


A frozen-section report indicated a be- 
nign fibroma, and a wide margin around 
the base of the tumor was excised. After 
closing the greater portion of the tracheal 
defect, the endotracheal tube was removed 


Obstructing Intratracheal Mass . . . Dodge, et al 


from the left main stem bronchus and the 
.. orobronchial tube withdrawn to its previous 
- position just distal to the vocal cords. Pri- 
ary closure of the trachea wall was then 
ccomplished. Following skin closure, the 
atient was turned supine and extubated in 
the OR. He was awake and could follow 
verbal commands. 








He was taken to the intensive care unit 
(ICU) with a nasopharyngeal airway in 
place and given supplemental humidified O.. 
Blood gases there first showed a Paco, of 
44 torr and, 30 minutes later, of 38 torr. He 
was transferred from the ICU after 3 days 
and discharged 9 days postoperatively. The 
final tissue diagnosis was neurofibroma. 


DISCUSSION 


- Primary tumors of the trachea are infre- 
5 quent but not rare, with 714 cases reported 
.. in the world literature prior to 1955.! Dur- 
g the past 30 years, both the Massachu- 
etts General Hospital and the Mayo Clinic 
ave treated over 50 patients with tracheal 
tumors? Most commonly these are carci- 
- pnomas,'-? fibromas being quite rare. The pa- 
- tient described in this report had a neuro- 
^e fibroma without any evidence of neurofibro- 

. matosis. 










With any type of tracheal obstruction, 
whether it is neoplastic or an inflammatory 
stricture, the goal is removal of the obstruc- 
tion.? Current opinion favors resection and 
primary anastomosis, and Grillo? feels that 
a primary anastomosis is possible even if as 
much as 6.4 cm of trachea must be resected. 
. Although resection and anastomosis of the 
trachea was attempted in dogs* in 1881 and 
in man? in 1885, current interest dates back 
to 1946, when Belsey* resected a lateral seg- 
. ment from the thoracic trachea and replaced 
-cit with autogenous fascia. Since that time, 

numerous surgical approaches have been 
attempted encompassing primary and sec- 
ondary anastomosis and grafts.” Some tra- 
cheal tumors have been resected using extra- 
corporeal circulation;?? however, its rou- 
tine use is precluded by the risk of intrapul- 
monary hemorrhage with manipulations of 
the lung.!!.!? 


Although the definitive surgical treatment 
. is generally straightforward, anesthetic man- 
. agement and airway support during the op- 
rative procedure can be quite involved, as 
escribed in this report. Our approach close- 
followed that employed at the Massachu- 
ts General Hospital.!! Since this patient 
Derienced considerable difficulty during 
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awake fiberoptic bronchoscopy, we chose 
a rapid induction and muscle paralysis after 
preoxygenation. This would allow 5 minutes 
of apnea without hypoxia,!? during which 
time extracorporeal oxygenation could be 
instituted through the exposed femoral ves- 
sels, if we were unable to ventilate the pa- 
tient. We also chose a relatively small endo- 
bronchial tube, which gave us the option of 
attempting to pass the obstruction if neces- 
sary. 


After the wall of the trachea was incised, 


we planned to ventilate the left lung through- xis 
a separate endotracheal tube. Grillo’? has ^... 


shown that shunting is generally not a prob- 
lem when only the dependent lung is ven- 
tilated, because it is also the most heavily 


perfused. He states that if shunting does a 


become a problem, it can be readily allevi- 
ated by a clamp on the pulmonary artery of 
the nondependent lung. Geffin!! recom- 
mends attaching the endotracheal tube to 
the anesthetic machine by a sterile Y-piece 
and 2 pieces of sterile anesthetic hose. 


We had inadequate ventilation when ven- 
tilating only the left lung, as evidenced by 
a Paco. of 77 torr, pH of 7.15, and Pao; 
of 50 torr while ventilating with 100 percent 
O.. We attributed this primarily to the con- 
nection between the endotracheal tube and 
the anesthesia machine. In our attempt to 
find something sterile and convenient, we 
chose Argyle suction tubing. Subsequent 


testing demonstrated that 30 to 35 cm of — 
H.O pressure was necessary to overcome .. 
the resistance in the set-up. Under the cit- = — 
cumstances, we felt it necessary to use 2 
separate anesthetic machines rather than as qui. 


suggested by Butlin's group, a single ma- 
chine with a Carlens adapter.!? Positive- 


pressure ventilation would have been sup- > E 
plied to the side of least resistance, in this — 
case the right lung, and the dependent left 


lung would have been hypoventilated. We 
have since found some gum-rubber tubing 
which readily fits on the outside of our uni- 
versal 15-mm endotracheal-tube connectors. 
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. MONITORING. The axillary artery was cannulated with an 18 or 20 gauge 6.25 em 
Teflon catheter in 86 patients for intraoperative or postoperative monitoring. Seventy- 
n were successfully cannulated for an average of 14 hours. Hematoma was the. 
, frequent complication but resulted in no permanent sequelae. Advantages of 
axillary artery are closeness to the aortic arch insuring accurate pressure measure- __ 
during severe vasoconstriction. The large lumen size minimizes the hazard 
by spasm or thrombosis. Furthermore, the axillary artery has extensive 
eral circulation and contamination is less likely than with femoral artery utiliza- 
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sthesia for Untreated Hypothyroidism: Report of Three Cases 


JONG MIN KIM, MD* 


LARRY HACKMAN, DDS} 


Kansas City, Kansast 


Two preoperatively unsuspected and one known 
^ hypothyroid patients underwent elective sur- 
gery with general anesthesia. All demonstrated 
. unusual sensitivity to anesthetic agents. As 
. Suggested by a history of thyroid abnormalities, 









.PECIAL considerations when anesthetizing 
^. myxedematous patients have been well 
escribed. Possible serious anesthetic com- 
^. plications associated with myxedema in- 
es clude prolonged coma and cardiorespiratory 
. arrest.! Complications occur only in those 
=- patients who are either preoperatively un- 
diagnosed or undertreated. Once a euthyroid 
state is achieved by preoperative replace- 
ment therapy, these patients no longer pre- 
sent anesthetic problems. 


Hypothyroidism is not always easily de- 
tected clinically, as there is extreme vari- 
ance in the severity of the disease. General- 
^ ized myxedema indicates hypothyroidism, 
ut hypothyroidism may exist without myx- 
matous manifestations. On the other 
d, a suspected hypothyroid patient can 
ctually be suffering from another disease.? 
Although clinical diagnosis of mild hypo- 
thyroidism can be difficult, hypothyroidism 
may be uncovered in these patients during 
anesthesia. 








CASE REPORTS 
Case 1.—A 57-year-old woman had been 
. followed by the ophthalmology service for 
A progressive loss of vision. A diagnosis of 
: "Buprasellar meningioma invading the optic 
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high serum cholesterol, and ere re- 
sponse to anesthetic agents, the authors were 
led to suspect hypothyroidism, which was con- 
firmed postoperatively by low serum. thyroxir » 
levels. i 


chiasm was made. In a previous admission, 
an endocrine consultation was obtained, as 
the patient showed thyrotoxic symptoms 
with thyroid medication which had been ~ 
taken for the preceding 4 years. 'The endo- 
crinologist felt that the patient had nonsup- 
pressible thyroid with normal triiodothyron- 
ine and thyroxine output, and discontinued — 
the medication 2 months before operation. 
No medications were being taken at the time _ m 
of operation. "EE 


The patient was cooperative and. pon j 
blood pressure was 140/ 80, and the pulse. 
was 60/min. Other physical findings. 
unremarkable except for the underlying n 
rologic abnormalities associated with sup 
sellar meningioma. Her hemoglobi 
13.2 gm/100 ml, hematocrit. 39 perce! 
serum electrolytes were within norm 
its. Serum thyroxine and cholesterol 
were not obtained in the immediate p: a 
erative period. However, 2 weeks — before — 
operation, serum cholesterol was 431 mg/100  . 
ml (normal range for her age: 150 to. dms ^ 
mg/100 ml). e 


Diazepam (10 mg), atropine (0. 5 nig) 
methylprednisolone (100 mg), and diphen- E 
ylhydantoin (250 mg) were given IM ap- |. 
proximately 1 hour before the MM d t 
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bifrontal craniotomy. Following preoxygena- 
tion, the trachea was intubated after IV thio- 
pental (200 mg), succinylcholine (40 mg), 
and intratracheal lidocaine spray (160 mg). 
Halothane (1%) in N,O-O, (3:2 L/min) 
was started. Ten minutes after induction, 
the blood pressure dropped from 120/80 to 
90/60; this was treated with 10 mg of IV 
ephedrine, which raised the pressure to 
130/80. 


During the first 3 hours of operation, in- 
spired halothane concentration varied from 
1.5 to 0.5 percent and blood pressure ranged 
from 140/90 to 100/50. For the next 90 min- 
utes, the halothane was discontinued and 
analgesia was maintained with  N,O-O,, 
70:30 percent. Spontaneous respirations re- 
turned 75 minutes after the halothane was 
discontinued. At this time, 0.05 mg of fen- 
tanyl was given to provide smooth emer- 
gence and postoperative analgesia. The op- 
eration was completed 15 minutes after the 
administration of the fentanyl, but the pa- 
tient was still apneic, unresponsive, and 
showed pinhole pupils. Naloxone (0.2 mg) 
provided spontaneous respirations and re- 
versed the miosis. However, the patient did 
not respond to painful stimuli, and the en- 
dotracheal tube was being well tolerated. 
Rectal temperature fell steadily from 37 to 
35° C, although the warming blanket was 
used throughout the operation. 


In the recovery room, the endotracheal 
tube was connected to an O,-enriched T-tube. 
Vital signs were: blood pressure, 130/80, 
pulse, 112/min, central venous pressure, 3 
cm H.O, and rectal temperature, 35? C. 
| Laboratory studies showed pH, 7.36, Pao,, 
115 torr, Paco,, 38 torr, hematocrit, 34 per- 
cent, Na‘, 141, K', 5.1, Cl, 103, and CO;, 
21 mEq/ L. The patient started to respond 
sluggishly to painful stimuli and verbal 
commands 2 hours after the end of the sur- 
gical procedure. Initially, an adrenal insuf- 
ficiency of pituitary origin was suspected, 
due to the location of the meningioma, an 
unexpected sensitivity to anesthetic agents, 
and delayed recovery. Two IV doses of 
hydrocortisone (100 mg and 200 mg) were 
given. 


Later, because of a history of discontinu- 
ance of thyroid medication and a high serum 
cholesterol, hypothyroidism was suspected. 
Blood drawn for thyroxine in the recovery 
room revealed 0.4 »g/100 ml (normal range: 
5 to 11 pel 100 ml). More extensive hor- 
monal studies postoperatively disclosed pri- 
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mary hypothyroidism rather than secondary 
hypothyroidism of pituitary origin. 


The long-term postoperative course was 
uneventful, with improvement in vision. She 
was placed on L-thyroxine (0.1 mg daily) 
resulting in a serum thyroxine of 4.5 4g/100 
ml at the time of discharge on the 16th post- 
operative day. 


Case 2.—A 35-year-old woman was sched- 
uled for a vaginal hysterectomy and pos- 
terior colporrhaphy. The history disclosed 
that her originally planned laparoscopic tu- 
bal ligation had been postponed due to hy- 
perthyroidism 7 months prior. She received 
radioactive iodine treatment at that time 
and was placed on propylthiouracil (50 mg 
tid). A later gynecologic examination re- 
vealed an enlarged fibroid uterus and the 
planned operation was changed to hyster- 
ectomy. 


Physical examination and laboratory data 
were unremarkable except for elevated se- 
rum cholesterol (378 mg/100 ml). The se- 
rum thyroxine was not studied. 


Premedication consisted of diazepam (10 
mg), morphine (10 mg), and atropine (0.5 
mg) IM approximately 1 hour before induc- 
tion. Blood pressure in the OR was 110/70, 
with a heart rate of 96/min. Following pre- 
oxygenation, the trachea was intubated after 
IV d-tubocurarine (3 mg), thiopental (250 
mg), and succinylcholine (100 mg). Halo- 
thane (1%) in N,O-O, (3.5:1.5 L/min) 
was started. Twenty minutes after induction, 
the systolic pressure declined to 75 torr, 
although the halothane concentration was 
lowered to 0.5 percent, fluid administration 
was increased, and surgical stimulation had 
begun. 


This extreme sensitivity to anesthetic 
agents, with a history of thyroid disorder 
and high serum cholesterol, suggested hypo- 
thyroidism. The halothane was discontinued, 
and pancuronium (3 mg) was given. Over 
the next 15 minutes, the blood pressure 
gradually returned to control levels without 
further treatment. 


Vital signs remained stable for the rest 
of the operation with N,O-O, (70:30 per- 
cent). The pancuronium was reversed and 
the patient was extubated in the recovery 
room. Blood pressure was 130/80, with a 
heart rate of 88/min. Rectal temperature 
was 36.6? C. The patient responded to ver- 
bal commands but fell asleep, resulting in 
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_.a 4-hour stay in the recovery room. Room- 
:Sair blood gas showed pH, 7.34, Paos, 89, 
“Pacos, 36. The meperidine ordered for 
perative analgesia was discontinued. 
rawn in the recovery room for serum 
ne and cholesterol showed 0.5 ,4g/ 
al and 343 mg/100 ml, respectively. 









Case 3.—4A 51-year-old woman was hos- 
| pitalized for the evaluation of an adnexal 
mass. Diagnosis of hypothyroidism had been 
made approximately 114 years before in the 
regional hospital and she had been on daily 
oral L-thyroxine (0.05 mg). 'The medication 
was discontinued after 6 months, as the pa- 
tient developed frequent angina, and an 
ECG showed an old myocardial infarct. 
Three months after discontinuance of thy- 
roid medication, she underwent a diagnostic 
.D & C under general anesthesia in the re- 
<- gional hospital. Recovery from anesthesia 
. was prolonged. 






Six months before the present admission, 

she was referred to this hospital for evalua- 

-. tion of chest pain. An ECG at that time re- 

^ vealed prolonged PR interval, anterior and/ 
or anteroseptal myocardial infarction, pos- 
sibly old, and left ventricular hypertrophy 
with secondary ST and T wave change. 
Laboratory data included serum thyroxine, 
6.7 »g/100 ml, and cholesterol, 348 mg/100 
ml. She was discharged after conservative 
ireatment and given nitroglycerine PRN for 
angina. 


Examination at present admission showed 
blood pressure, 110/60, heart rate, 80/min, 
. oral temperature, 36.2? C, and weight, 65 kg. 
-The voice was husky, the eyebrows were 
jarse, and the skin was dry. Neither ab- 
ormal breath sounds nor heart murmurs 
ere audible by auscultation. There was no 
—peripheral edema. Deep tendon reflexes 
^ were within normal limits. Serum thyroxine 
and cholesterol were 4.5 ,g/100 ml and 268 
mg/100 ml, respectively. The ECG had not 
changed from the previous tracing. 








The patient was scheduled for exploratory 
laparotomy and possible abdominal hyster- 
ectomy and salpingo-oophrectomy. Premedi- 
cation consisted of diazepam (10 mg), mor- 

..phine (5 mg), and atropine (0.5 mg) IM. 
Preoperative blood pressure was 110/65, 
ith a heart rate of 60/min. The patient 
s preoxygenated by mask for 3 minutes. 
otal of 150 mg thiopental in 3 divided 
es over a 5-minute period abolished the 
id reflex. The trachea was intubated 
ter IV administration of 60 mg of succinyl- 
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choline and intratracheal spray of 160 mg 

of lidocaine. After intubation, the blood 
pressure rose to 130/70 and the heart rate. 
to 70/min. Halothane (1%) with N,O-O, . 
(2.5:2.5 L/min) was sane. Three minutes 
after initiation of halothane, the blood pres- 
sure declined to 90/60. The halothane was 
discontinued, and pancuronium (3 mg) was 
administered. The blood pressure gradually. 
rose to 130/80 and the heart rate to 70/min ... 
after the start of the operative procedure. .. 
Twenty minutes after discontinuance. of - 
halothane, 0.25 percent of halothane was ^ 
added and 2 mg of pancuronium was admin- .. 
istered. The 90-minute operation was com- _ 
pleted, with stable blood pressure at. 330/80 - $ 
and heart rate at 70/min. The pancuronium 
was reversed with 3 mg of neostigmine and E 
1 mg of atropine at the end of operation. — 





In the recovery room, the patient was un- 
conscious but responded to painful stimuli. 
She was breathing spontaneously through 
an endotracheal tube with a tidal volume of 
300 ml and a respiratory rate of 15/min. 
The trachea was extubated 40 minutes later. - 
At this time, she responded to verbal com- ©. 
mands, but fell asleep easily. Her rectal _ 
temperature in the recovery room was 
35.5? C, although the OR temperature was 
24? C. Meperidine (75 mg) and prometha- 
zine (25 mg) ordered by the surgeon for _ 
postoperative analgesia, were discontinued.  . 
For the next 24 hours, she received 4 doses... 
of pentazocine (20 mg) IM. She did not _ 
recall any events in the operating room. 
After endocrine consultation, oral L-thyrox- .. 
ine (0.025 mg daily) was initiated. 





DISCUSSION 


Adult myxedema exists in all degrees of E 
severity, depending upon the completeness 
and duration of thyroid failure. Patients _ 
usually have few manifestations. These _ 
consist of intolerance to cold, coarse and 
sparse hair, dry and yellowish skin, consti- 
pation, and a husky voice. They also show  . 
slow mentation, poor memory, and slow re- uu 
laxation phase of deep tendon reflexes. The. o 
heart is enlarged, mildly edematous, and 
often shows cardiac dysfunction with slow  . 
circulation time. Advanced myxedema can 
progress to frank heart failure, psychosis 
(myxedema madness), and PE | 
coma. i 









Until the euthyroid state is achieved by EE 
replacement therapy, any elective operation 
is best postponed, as it takes about 2 weeks _ 
after initiation of oral thyroid medication. 
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Siotipenine « can de adminis: 

ut with extreme caution, as the heart 
cannot. cope with too sudden an increase in 
. Os: demand and may become decompen- 
sated, as. signaled by ST segment depression 
and flattening of the T wave.? 


| In our reported cases, the short duration 

and mild degree of thyroid failure might 
have contributed to oversight of their pre- 
operative hypothyroid state. While unusual 
sensitivity to anesthetic agents and pro- 
longed recovery might have alerted us in- 
traoperatively and postoperatively, these 
reactions might also have resulted from al- 
teration in drug pharmacokinetics secondary 
to decreased cardiac output with slow cir- 
culation time,? decreased metabolic rate, im- 
paired cerebration, and/or hypothermia. 
Tranquilizers, narcotics, and hypnotics 
. should be eliminated or reduced to a mini- 
mum in suspected hypothyroids. In addition, 
 thiobarbiturates have been shown to possess 
antithyroid properties in experimental rats.* 
However, reversal of the nondepolarizing 
muscle relaxant, pancuronium, with neostig- 
mine did not show unusual response in our 
patient. 


Inhalation agents with a low blood-gas 
partition coefficient can be easily eliminated 
from the body. They therefore do not have 
_ the protracted effects of IV agents; hence, 


Pu  . Inhalation anesthesia supplemented with 


muscle relaxant is the procedure of choice 
ain such patients. Even though an insignifi- 

cant. decrease in halothane and cyclopro- 
pane "MAC has been demonstrated in acute- 
ly. induced hypothyroidism in dog? and in 
 rat;? potent inhalational agents such as halo- 
thane and enflurane should be used cau- 
 tious “because of their cardiovascular-de- 
 .pressant effect. These agents should be re- 
<- served only for those cases where N;O-O, 
and a muscle relaxant do not provide ade- 
: quate anesthesia. Cyclopropane anesthesia 
~ has been recommended? because of its po- 








A “tency, low blood-gas partition coefficiency 


| l and. cardiovascular stability. This cardiovas- 
E cular stability. with cyclopropane anesthesia 
E depends. upon intact sympathoadrenal re- 
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i sponses. However.. ‘the 
| ‘sponses to. catecholami 








mi 1 hypothyroid 
patients have been decreased. or absent. t 








The hypothyroid patien tends to develop 
hypothermia because of. diminished or ab- 
sent calorigenic responses to catechola- 


mines.*5 All efforts should be employed to 


protect the body. temperature - intraopera- 
tively, as hypothermia may depress cardio- 
respiratory function and cause hypothermic 
coma. 


Preoperative high serum cholestero! was 
an important clue in suspecting hypothy- 
roidism in our patients. An unexplained 
high serum cholesterol should be studied for 
possible hypothyroidism, although it may be 
within normal limits in hypothyroidism of 
pituitary origin.® 


Although we were not confronted with 
serious complications in anesthetizing these 
early hypothyroid patients, it should be 
remembered that an untreated advanced 
myxedema patient can present much more 
serious problems. 
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H AVING just returned to Germany from 
his training in anesthesiology with Dr. 
Robert Dripps in Philadelphia, Martin 
Zindler was *a man of the first hour" as a 
. founding member of the German Society of 
_... Anaesthesia. Thanks to his efforts, anesthe- 
sia was officially recognized as a medical 
pecialty in 1953. 









Since those pioneer days, he has contrib- 
ted time and again many important stimuli 
to this rapidly growing medical specialty in 
: Germany. Frequently, he was far ahead of 
-< the development. When he tried, some 12 
-— years ago as the President of the German 
-. Society of Anaesthesia, to introduce an ex- 
. amination equivalent to that of the Ameri- 

can Board, he failed because he found 
.. nobody to support him in this venture. 

















. And yet, he did not give up and was 
=- finally successful, when recently the German 
Society of Anaesthesia and Reanimation de- 
ided as the first medical specialty in Ger- 
y to start such a voluntary examination 
n internationally recognized level. 








| Bi in Strausberg, a suburb of Berlin, 
Aartin received his early education in his 
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Martin Zindler, M.D. 











hometown. He is a typical “Berliner,” dis- E | 
playing such characteristics as a a fe A bd ent jj 


dent for 3 years at the a Kra 
kenhaus in Munich, introducing “mode: 
anesthesia as an autodidact, Adriani's 7 
niques and Procedures being his teache 3 
guide. | 


On the occasion of a teaching pum 









Dumke, Jim Eckenhoff and Lr Vandal aul 
Among his fellow residents were Peter Safar 
and John ene nee te 













ment of anesthesia and to build a depart g 
the Philadelphia model—the first forma 
residency training program, thus setting an 
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example in. Germany. Due to his superb 
clinical. acumen and his. dedicated and stim- 


| gram continues to be a | model. 


His academic career was retarded by his 
numerous clinical commitments. Neverthe- 
less, in 1958, he completed his habilitation 
thesis and became a "docent" (lecturer). 
His dedication to our specialty was rewarded 
in 1962, when he was elected director of an 
independent department and to the chair 
of Anesthesiology at the University of Düs- 
seldorf, the second in Germany. In 1967, 
he set yet another example by instituting a 
department of experimental anesthesiology 
which, since 1970 under the direction of 
J. O. Arndt, both a physiologist and anes- 
thesiologist, may be regarded as the best 
functioning such unit in Germany. 


Martin served as president of the Ger- 
man Society of Anaesthesia from 1956 to 
1959, Even after his terms on the Board of 
Directors of the Society had expired, his 
valuable advice continued to be solicited by 


the Board. One presidency of his was un- 


usual: Having been elected president of the 
Association des Anesthésistes Européens in 
1965 in Athens (Greece), he accepted the 
election only under the condition that he be 
charged to terminate his presidency and to 
transform the Association to the new Euro- 
pean section of the World Federation of So- 
cieties of Anesthesiologists. This he accom- 
plished with amazing speed, when one con- 
siders the variety of interests of the differ- 
ent nations involved. The high international 
recognition of his position as a scientist is 
also demonstrated by his appointment to be 
the chairman of the Scientific Committee of 
the VIIth World Congress of Anesthesiolo- 
gists, to be held September 14-21, 1980, at 
the Congress Center in Hamburg, Germany. 


The highlight of his numerous clinical 
achievements was the first surface hypother- 


mia in Europe for open repair of an atrial 
. septal defect in 1955. He has published 120 


articles, including 6 books and 17 contribu- 
tions to textbooks, the areas of interest in- 
cluding hypothermia; new intravenous anes- 
thetic agents; circulatory effects of anesthet- 
ic agents and opiates; anesthesia for heart 
operations; resuscitation; and training of 
residents, students, and nurses. 


In presentations to audiences in foreign 


countries, i such: as Switzerland, Belgium, 


Po EE E 
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France, and the U SA, his multilingual capa- 
bilities have been a great asset. In Portugal, 
Greece, Italy, Turkey, and Japan he sur- 
prised his audience by starting and ending 
his presentations in the language of the 
respective country. 


He is well known for his informative and 
interesting panels and workshops. Recently 
he organized a workshop on “New Methods 
of Continuous Monitoring of the Circula- 
tion,” on a boat sailing down the Rhein 
from Frankfurt to Amsterdam. The boat 
passed near his house on the shores of the 
river (km 730), the home well remembered 
by many friends in and out of Germany for 
its hospitality and the superb cuisine of his 
charming wife. 


The essence of his achievements is the 
philosophy that active engagement and ini- 
tiative are required for further advancement. 
Based on this premise, he was constantly 
active in improving the quality of training 
programs, which he regards as most impor- 
tant for the reputation and recognition of 
our specialty. In the early years, he fought 
successfully for the improvement of finan- 
cial rewards for anesthetists. During recent 
years his activity has centered on the im- 
provement of teaching of medical students 
in Germany, with the aim of attracting the 
most capable among them to anesthesiology. 
Recruiting of able physicians is the most 
urgent problem at the present time. 


Once—fed up with writing his habilita- 


tion thesis at night—he went to a soirée, 
where he met Karin Bartsch, Ph.D., whom 


he soon married. 'Their common wish was 


fulfilled and a boy was born. Now, at the 
age of 6 years, he has already decided to 
become a doctor. 


All the turbulent activity of a constantly 
increasing clinical load (including an active 
intensive-therapy ward) and with a constant 
lack of manpower, does not leave Martin 
much time for his favorite hobbies, skiing 
and sailing. He has therefore donated his 
small yacht to the University Sailing Club. 
He and his wife enjoy a nice collection of 
Imari porcelain. 


We salute Martin Zindler as a pioneer, 
teacher, clinician, scientist, and cosmopolite, 
whose engagement and leadership have con- 
tributed so much to the recognition and 
prestige of Anesthesiology in Germany. 
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The Civilizing of Curare: A History of Its pti 
and Introduction Into Anesthesiology — 





P RIMITIVE uses of curare have been known 
4 for centuries, most often associated with 

the daily search for food and the practice of 
^. witchcraft of South American Indians.! How 
. and when the first hunter learned to in- 
....erease the deadliness of his arrows, spears, 
... and darts by dipping them in poison is un- 
=: known. Spears and arrows with hollow tips 
dating back at least for 25,000 years have 
been found in prehistoric caves.? 


he Romantic Period (15th-19th Cen- 
es).—Early tales about South American 
-poisons course through several cen- 
es, repeatedly retold and progressively 
rtwined with fantasy. The first historical 
itten references began after the voyages of 
“Columbus opened the New World for ex- 
== ploration. Spain became the center for the 
.. mariners. An Italian "gossip columnist"? of 
- “his time, by the name of Pieter Martyr, who 
rose to a high position in the church, neces- 
sitating his moving to Spain and the court 

. of Isabella, there met and entertained trav- 
^.  ellers recently returned from the New World 
and listened to their stories. His book, De 
Orbe Novo, written in the form of letters 
-friend in Rome, Ascorio Sforzo, con- 

| the accounts of these New World 
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The book began with the first expedition’. 
of Columbus and covered a period. of over 
20 years. It was the first written history 
of the New World by someone who never ue 
left home. Its principal historic interest for 
us is that it contains many references to the 2 
poison arrows. Several typical references 
from De Orbe Novo are cited here fas tra ns- oo 
la te d): .3 pM 








“Two days were past at Santa Cng 
where 30 of our Spaniards placed in an am-. ~. 
buscade saw, from the place where. th 
were watching, a canoe in the distance 
ing toward them in which there. were € 
men and as many women. At a given sigi 
they fell upon the canoe; as they . 
proached, the men and women let fly a 
ley of arrows with great rapidity | and ac. oo 
curacy. Before the Spaniards had time to => 
protect themselves with their shields, one ^. 
of our men was killed by a woman, and  . 
another was seriously wounded. by an arrow B 
shot by that same woman. It was discov- 
ered that their poisoned arrows contained. Sci 
kind of liquid which oozed out when (feos 2 
point broke. PU Dra 











“The natives poisoned. their arrows. 
the juice of a death-dealing herb. 


. Department of Anesthesiology, Hospital for Joint Diseases and Medical Center; Piae ot: ut 
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“They ike: to use "Bows- and poisoned 
arrows. This includes the juice they distill 
from certain trees in which they dipped 
-their arrows. But everybody is not permitted 


to make this mixture. There are certain old 
` women skilled i in the art, who are shut in at 


7 ] certain times and furnished with the neces- 


sary materials; during two days these wom- 
en watch and ‘distill the ointment. As soon 

as it is finished the house is opened, and if 
the women are well and not found lying on 
the ground half dead from the fumes of the 
poison, they are severely punished and the 
ointment is thrown away as being valueless; 
for the strength of the poison is such that 
the mere odor of it while compounding 
almost kills its makers.” 


The foregoing citation was said to be the 
first written account of the preparation of 
curare and which persisted, essentially un- 
changed, for over 2 centuries. It was sup- 
posedly first recounted by a man, named 
Gomara, who never saw the Americas, and 
has. been. found in the writings of many 
. Others. The resemblance of this description 

^to the story of the witches in Macbeth has 
been suggested. Could Shakespeare have 
plagiarized Martyr? 





There was a writer, Oviedo y Valdes, who 
had been a traveller to the Americas. An 
acquaintance of Columbus, he was the first 
to describe the structure of the arrows and 
the possible source of the poison, in 1535.5:4 
He related that the Caribe Indians prepared 
a deadly poison from an herb and made it 
into a paste resembling pitch with which 
they smeared the points of their arrows. The 
arrows were made from very light and slen- 
.der cane and sometimes were pointed with 


the sharp teeth from fish. Wounds made 


with these poisoned arrows, even though 
slight and without appreciable loss of blood, 
were said. to prove fatal.* 


| Valdes. described the source of the poi- 
Son: o 


“The apples wherewith the Indians Cani- 
‘bales invenome their arrowes, grow on cer- 
teyne trees covered with many branches and 
leaves being very green and growing thicke. 
| They are. laden with abundance of these 
. evylle. fruites. Of these fruites . 

. (they) are accustomed to poyson theyre 


P  . arrowes wherewith they kill all they wound. 
- These venemes they mingle- together and 


make thereof a black mass or composition 
- which appeared like to very "black pitche. 


| "Of this peyeon I caused a reat quantity 
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to be burnt in Sarita’ M aria - Antique, with a 
great quantity of theire envenomed arrowes, 
and other munitions. This was in the year 
1514.4 


The “fruites” were also described 300 
years later (in 1841) by another traveller, 
Schomburgk, as the fruit of Strychnos toxi- 
fera.5 


The 16th century was marked by wars 
among the English, the Spanish, and the 
Portuguese, three naval powers. In 1494, 
Pope Alexander VI divided the non-Chris- 
tian world between Spain and Portugal. 
Portugal was allotted sovereignty over part 
of what is now Brazil and all of Africa, while 
Spain was given all the new-found lands 
west of Brazil Very few travellers were 
allowed in these areas.?:* The source o? the 
poison plants lay deep in the jungles in a 
vast continent inaccessible for the most part 
and difficult to penetrate. According to 
Bryn Thomas, the “curtain,” so drawn, was 
kept firmly in place for almost 300 years.5 


The three naval powers, however, did 
send expeditions into the South American 
continent. Sir Walter Raleigh, on one cf his 
expeditions to wage war on the Spaniards i in 
1594 in South America, was in the area 
which is now Venezuela. He described sev- 
eral tribes he encountered in his travels, one 
called the Aroras, "a rather desperate peo- 
ple who used a strong poison in their ar- 
rows."? One of his lieutenants, Laurence 
Keynes, in listing the poisonous herbs, in- 
cluded the word “ourari,’ the name used 
from early times to describe the substance 
which later became known as curare. Al- 
though some of his biographers wrote that 
Sir Walter Raleigh brought back the arrow 
poison with him to England, extensive 
search of his writings fails to confirm this.® 


Hakluyt, who was said to have “ghosted” 
Sir Walter Raleigh's accounts of his voy- 
ages, described the symptoms of arrow poi- 
soning: 


“There was nothing whereof I was more 
curious than to find out the true remedies 
of these poisoned arrows: for besides the 
mortalities of the wound they make, the 
partie shotte endureth the most insufferable 
torment in the world, and abideth a most 
ugly and lamentable death, sometimes dying 
starke mad, sometimes their bowels break- 


ing out of their bellies: which are presently 
discoloured as black as pitch and so un- 


savory as no man can endure to attend 
them."7 


Editor's BE | 


A better. lute pretation of the above was 
that it resembled more the type of death 
caused by the natives of New Hebrides who 
smeared their arrowheads with a mud later 
ue to contain tetanus spores.® 






mu “Almost all of the travellers to South 
p ac during the 16th and 17th centuries 
brought back similar stories of how various 
people were killed by poison arrows. 
McIntyre! listed over 50 different reports of 
travellers and explorers, all of whom men- 
tioned the poisoned arrows in their accounts. 
. But, as in Sir Walter Raleigh's writings, all 
... varied to the extent that they were appar- 
.. ently not all witnessing the effects of curare, 
- but rather of other types of poison or severe 
. infections following penetration of the skin 

^ by arrows or other weapons. 


c The Early Investigators (18th Century ). 
—'The first foreign scientist to pierce the 
papal curtain" was a Frenchman, Charles 
arie de la Condamine, in 1735. A member 
he French Academy of Sciences, he was 
osen to lead an expedition to resolve a 
. .dispute about the geographical features of 
— the North and South poles compared with 
... the equator.” King Phillip of Spain allowed 
him to work out of Quito, the capital of 
Ecuador. He spent 10 years in South Amer- 
ica and wrote a great deal about an Indian 
. tribe called the “Yameos” with whom he 
. had much contact:? 












“The Yameos propel by the breath small 
arrows of wood (blow darts) to a distance 
of 30 to 40 paces and rarely miss their 
get... . They cover the points of these 
tle arrows, as well as those used with the 
w, with a poison so active that, when it 
fresh, it will kill in less than a minute 
ny animal whose blood it has entered. Al- 
-though we had our fowling pieces, we hardly 
^5 ate anything killed in any other way than 
^. by these darts. . . . There is no danger from 
this; the poison ‘only kills if it enters the 
= blood; but it is no less mortal to man than 

to animals.” 







Condamine was the first man to take 
. samples of curare back to Europe for inves- 
pu tigation. 









- During the 18th century, the specimens 
Condamine brought home were used 
1 and others to investigate the effects 
w poisons. He injected curare into 
as, all of which died.!? Herrisant, in 
‘showed that other animals were simi- 
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larly affected but thought that little or no 2. 
pain was caused; Richard Brocklesby, i à 
1747, showed that the heart of a cat T 
tinued to beat for 2 hours after the animal. 
was apparently dead from curare poisoning. a i 


Edward Bancroft, physician, naturalist, ea 
and explorer, spent 5 years in South. Ameri- 
ca. In 1769, he noted that there were n 
differences between the various. typ 
arrow poison, depending partly  upoi 
tribe which compounded them. He was 
first to record the ingredients. and to desc 
in detail the preparation of an arrow poiso 
After naming the various barks. from - 
lianas, and the proportions in which. they 
were used, he wrote: !! 












“All these are to be finely scraped and aie v 
into an Indian pot and covered with water. . 
The pot is then placed over a slow fire, that- Sr 
the water may simmer for a quarter of an 
hour; after which the juice is to be expr 
from the bark by the hands, takin 
that the skin is unbroken . . . the j jui 
evaporated over a moderate. fire tot 
sistence of tar, when it is to be remo Lo 
and flat pieces of the wood of Kokarnito are ^ 
dropped therein, to which the poison, when 
cold, adheres, appearing like a gum of a 
brownish red colour. The pieces of wood are __ 
then put into hollow canes, closed at the- 
ends with skins, and in this manner the 
poison is preserved until it is wanted to — 
envenom the point of an arrow, at which uu 
time it is either dissolved in water, and th 
point dipped in the solution; or the wood 
held over the fire till it melts, and the point 
of the arrow then smeared with it. Th 
smallest quantity of this poison, convey 
by a wound into the red blood vessels of 
animal, causes it to expire in less than a | 
minute without much apparent pain’ or um E 
easiness. "-— (fig 1). | | eet: 
























In 1780, Abee Felix Fontana: Anatomii 
and physiologist of Florence; Italy, -COn 
ducted a series of experiments by us 
fumes of the poison by inhalation, feedi 
the substance to rabbits or in jecting itu 
their jugular vein. Only with the third ty 
of experiment did the animal fall “down $ 
dead as if it had been struck by lightning. n a 
In another experiment, he inserted curare E 
into an exposed sciatic nerve without effect. .. 
This surprised him, as he thought the action 
to be upon the nerve, but after this, decide IU 
the action was in the voluntary muscles. His |. 
experiments were the precursors of those of- 
Claude Bernard, 70 years later.!? - 
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Fic 1. Preparation of the curare from the bark. 


Friedrich Von Humboldt, starting in 
1799, spent 5 years in South America as a 
plant collector. He also described how he 
had seen curare made at a settlement in 
southern Venezuela and was the first to 
mention the bamboo tube as means of stor- 
age and transport. Among the lianas shown 
him was the chondrodendron tomentosum, 
now known to be the source of d-tubocu- 
rarine. Von Humboldt, too, described the 
preparation of the poison by the native 
“chemist:” “At the instant when the gluti- 
nous juice (of the Kiracaguera tree) is 
poured into the venemous liquid well con- 
centrated and kept in a state of ebullition 
(boiling), it blackens and coagulates into 
a mass of the consistency of tar. This is the 
curare of commerce, the curare being sold 
in calabashes; 5 or 6 francs is paid for two 
ounces." !! | 
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The Taming of Curare ( 19th Century ).— 
The era of the travellers and explorers as 
regards curare eventually came to an end. 
In the early part of the 19th century, begin- 
ning with Von Humboldt, explorations were 
undertaken, for the most part, by individ- 
uals with more scientific backgrounds who 
were interested in making more careful ob- 
servations. Crude curare, although of uncer- 
tain source and limited supply, was avail- 
able also to the nontravelling scientist. 


Benjamin Collins Brodie, physician, and 
professor of comparative anatomy and phys- 
iology had, by 1811, studied different lethal 
vegetable poisons, among which was curare. 
He gave curare to guinea pigs and noted 
that the heart continued to beat after res- 
piration ceased.!? In 1812, he published the 
results of his experiments, in which he 


Editor's Choice 


showed that by tracheotomizing a curarized 
1. £8t, inserting a tube into the trachea, and 
-forcing air into the lungs with a pair of 
.. bellows, he was able to maintain the life of 
he animal. After the animal began to 
wreathe for itself, he stopped using the bel- 
ows. “She lay, as if in a state of profound 
dicen. for 40 minutes, when she suddenly 
-woke and walked away."!* Brodie obtained 
the curare he used from specimens brought 
home by Edward Bancroft in 1766 and giv- 
en to him by Bancroft's son, a physician.!! 














Charles Waterton, an explorer more than 

a scientist, moved to Guiana at the age of 
22 to manage his family’s plantation. A most 
curious blend of the adventurous, the cour- 
ageous, and the ridiculous, Waterton set off 
on a series of trips in 1812 with a band of 
Indians through the largely unexplored jun- 
gles of Guiana, which he described in a book 
. ealled Wanderings in South America.!? In 
it, he described the different plants he came 
across which, by description, resembled 
chondrodendron tomentosum; he told how 
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he was given “wourali” by the native In- 
dians along the way, and how he tried the 
substance on animals. He described how one 
tribe used the drug:!* “When a native of 
Macoushia goes in quest of feathered game 
or other birds, he seldom carries his bow 
and arrows. It is the blowpipe he then 
uses. This extraordinary tube of death is, 
perhaps, one of the greatest natural curiosi- 
ties of Guiana. 'The Indians use a reed from 
10 to 11 feet long. It is of a bright yellow 
color, grows hollow and shows no knot or 
joint. throughout its whole extent. The ar- 
row is from 9 to 10 inches long. It is made 
of a species of palm tree, hard and brittle 
and pointed as sharp as a needle. About an 
inch of the pointed end is poisonous. . 
'The Indians have shown ingenuity in mak- 
ing a quiver to hold the arrows. It will con- 
tain from 500-600 arrows. An Indian can 
send an arrow 300 feet."!* (fig 2) 


Waterton returned to England and 
achieved some notice by repeating Brodie's 
experiment on a donkey in which the 


Fic 2. The use of the blow-pipe in hunting. 


EP below . 
aF concord grape, having only one seed, en- 
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curarized animal. was pionna and 
given artificial respiration until he recov- 
ered.!5 


Up to this point in time, no one knew 


exactly what the poison was, which plants 


| it came from, nor how it acted on the body. 
It remained for two men to unlock the an- 
swers to these questions. 


The first was Sir Robert Schomburgk, a 
naturalist and surveyor. He and his brother, 
Richard, explored the unknown interior of 
British Guiana and charted its boundary 
with Venezuela .16 They retraced Waterton's 
steps of 20 years earlier and persuaded the 
Indian guides to take them to where the 
“URARI’ plant grew. They were in Ma- 
coushia country and knew that the poison 
made by this tribe was noted for its potency. 
Schomburgk described the plant and fruit 
whose vines wound snakelike from tree to 
tree:1® “It has a crooked stem often more 
than 3 inches thick, with rough dark grey 
bark . . . the branches thin and inclined to 
climbing: the leaves dark green.” Its fruit 
was “the size of a large apple, round, smooth, 
bluish green, seeds embedded in a pulp and 
consists chiefly of a gummy matter which 
is intensely bitter." 

Oviedo y Valdes had seen the apples 300 
years before and thought they contained the 
poison; Waterton had seen the plant and 
fruit 20 years before and graphically de- 
scribed them without realizing that the 
plant was the source of the poison he had 
sought. Schomburgk assured himself that 
the plant belonged to the genus Strychnos 
and named it Sirychonos toxifera. It has 
. since become one of the best-known sources 





-.. . Of curare. He proved that there was a sub- 
^. stance in the bark which yielded the deadly 
 — variety of curare. It is now known that the 


curare plants from the Eastern Amazon re- 
gions contain strychnos as the chief ingre- 
| dient. | 


"The climbing vine of the Moonseed fam- 


oe " E ily is called chondrodendron tomentosum: 


. “The leaves are thick and leathery in tex- 
ture, dark green above the almost white 
. the fruit looks like an elongated 


closed in a stone as in a peach. The various 
chondodendrons have a more restricted dis- 
tribution in parts of Columbia, Ecuador, 
Peru, and "Western Brazil. 
of curare because it is. distributed both 
throughout. its wood and its bark. "2 


Claude Bernard was the other individual a 
of the: 19th RR y who unlocked the puzzle 


It yields more- 
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of "o curare add in vibe à body. Although 
he graduated from medical school, Bernard 
never practiced as a physician, but instead 
became a physiologist. Like other investi- 
gators of his time, he became interested in 
curare, which by this time had become a 
laboratory tool, and experimented with the 
frog to determine the site of the action of 
curare in the body. In the now-classie ex- 
periments performed in 1842, and reported 
in 1850, he found that the injection of cu- 
rare into the ligated limb of a frog prevented 
the muscle from responding to a stimulus 
applied to its nerve, the latter being ex- 
cluded from the ligature. At the same time, 
the muscle itself preserved its irritability to 
a direct stimulus. Curare had, however, no 
effect upon muscle irritability if applied to 
its nerve only. Thus, he showed that both 
nerve and muscle retained their original 
irritability after curarization. Therefore, the 
point of action lay in the junctional area 
between the two.!* 


Curare was ready to come out of the 
laboratory in the second half of the 19th 
century. It had provided an ideal laboratory 
preparation for the physiologist since, as 
noted earlier, investigators during the first 
part of the 19th century had established 
that curare could paralyze without killing 
the animal, if artificial respiration was main- 
tained. Two courses were pursued: (1) to 
utilize its paralyzing properties and (2) to 
determine the active ingredient of the cu- 
rare extract in order to isolate and stan- 
dardize the pure drug. 


In 1839, Francis Sibson, a surgeon who 
was a friend of Waterton's was called in to 
treat a case of rabies. Sibson knew of 
Waterton's supply of curare and thought of 
using it to control the seizures but, unfor- 
tunately, didn't get to the patient in time. 
Occasionally, reports would be received of | 
cures of rabies claimed for curare, but were 
unconfirmed.? 


On New Year's Day in 1857, Louis Albert 
Sayres, professor of orthopaedic surgery at  . 
Bellevue, tried curare on a patient with 
tetanus, but without success. Two. years 
later, Vella, an Italian physiologist and sur- 
geon, used curare to treat tetanus in three 
soldiers wounded at the Battle of Magenta 
between the French and Austrians. He also 


met with failure. Their lack of success could 


be attributed to the fact that their technic 


© was to dissolve the curare in water and 
_apply it to the wounds directly. In the fol- 
lowing year, Sir T. Spencer Wells treated 


Editor's Choice 


Fee 


th curare three gynecologic surgical pa- 
s who had developed tetanus; one sur- 
9 He was said to have given the drug 
dermic injection. By 1863, at least 
nts with tetanus had been treated 
'are, 9 of whom died. An editorial 
cet in 1859 commented on Vella's 
success: "Its chemical nature is not 

iform, its source is variable and its ener- 
E gies are unequal i in various specimens."?? 

















Two French physicians, Tiercelin and 
. Benedict, in 1866, first attempted to use 
= .eurare to prevent the convulsions of epi- 
^ lepsy, but could not complete the treatment 
^^. because of insufficient supply of the drug.*? 
E Drummond, in 1878, reported a case of 
^. chorea in which curare was said to have 
= controlled the movements.?? Such were the 
. tenuous beginnings of its therapeutic use. 
Uppermost in most minds was the fear that 
death by paralysis of the "organs of respira- 
" might follow the use of curare. As the 
e editorial in Lancet concluded, “The 
rgeon has the satisfaction of thinking that 
if he saves his patient from the disease, he 
“may kill him by the remedy.”?° 













No attempts had been made to standard- 
ize the preparation. Potencies varied be- 
cause of the different botanical specimens 
used as sources. 'The early samples of curare 
were prepared by making a water extract 
of leaves, bark, stems, and roots of many 

plants. The liquid was strained and evapor- 
. .. ated to a thick syrup or to dryness, then 

. was packed and transported in one of three 
types of containers. Toward the end of the 
9th century, Rudolf Boehm, a psychiatrist 
urned pharmacologist, devised a method 
' classifying the various curares by their 
containers.?? 














. . Curare reached Europe in these contain- 
— ers, namely: (1) hollow lengths of bamboo 
tubes sealed at each end with skins, (2) 
- .. elay pots, and (3) gourds or calabashes. 
Boehm thought that each type of container 
— .. came from a different region in South Amer- 
- ^ ica and, therefore, the contents were from 
a different type of plant. He identified cu- 
^^... rare from the gourds as “‘curarine,” from the 
tubes as "tubocurarine," and from the pots 

3 “protocurarine.” This belief held for 
ny years until discounted by Richard C. 
;who stated unequivocably that, re- 
ess of the plants from which a given 
f curare had been prepared, the sub- 
was simply placed in the most acces- 
ible container.?* 














oll 


Progress in the use of curare as the 20th 
century opened was still delayed by the lack 
of knowledge of the true action of the drug, 
timidity in its use, improper dosage, and 
ignorance of its duration of action, since the 
effect is transient and the curare that was 
used was unassayed. The drug continued to 
be tried clinically, but with very limited 
success. Periodically, some investigator =- 
went into the jungle hoping to obtain a sup- 2 
ply of the drug of better quality. | 











The episode which initiated the historical: . 
development of curare in relation to its cur- — 
rent clinical use occurred in the 1930s. It — — 
began with Richard C. Gill, who originally 
settled in Ecuador after the stockmarket 
crash in September 1929, prior to. whicl phe = 
was a salesman for the American Rubber | 
Company, assigned to Lima, Peru, in 1927.5 — 
After the crash, he moved to Ecuador, where . 
he purchased a large tract of undeveloped _ 
land on the eastern slope of the Andes and 
there raised coffee, cacao, and vegetables. ^. 
In 1932, he developed symptoms of a neu-. 
rologic disease and returned to the United 
States, seeking medical help in Washington, nee 
DC, where he had grown up and where his 
father was a physician. There, a neurologist 
diagnosed his condition as multiple sclero- 
sis. In the course of many conversations 
with the neurologist, Dr. Walter Freeman, |. . 
the latter expressed the opinion that if only i 
we knew more about curare, and could get 
enough of it and the right kind, he ed E : 
be interested in trying it. mo mi 













Gill, who had been in the TUN. dad : 
made enough contacts to be able to find out 
where the plant was available so. that he |. 
might bring back a good supply. He visited do 
the Merck Institute and announced his in- = 
tention of going into the jungle to search — 
for curare. Their botanist, B. A. Krukoff, — 
who had been in South America himself | 
and collected the bark of various species of |. — 
the curare plants, explained to Gill the in- 
tricacies of collecting the Specimens. For- 
tunately for Gill, he next met a wealthy 
man, Sayre Merrill, who was willing to 
finance his expedition. In May 1938, during 
a remission of his disease, he returned to h 
home in Ecuador and organized the drip b 
into the jungle, where he spent more than 5 — 
months seeking out the plants which were 
used by the native Indians to make. curare. 

Gill collected and made the curare in the 
field from vines (lianas) identified as chon- 
dodendron tomentosum (fig 3). This effort 
represented the first record of the exact 
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source of a form of curare. It was also the 
first authenticated variety of curare.?: 


When Gill returned to the United States 
at the end of 1938, he had with him several 
crates containing a total of 25 pounds of 
prepared curare. To his dismay, he found 
that the chemists at Merck had dropped 
their investigation of the curare plant and 
were now studying an entirely different 
plant which had curarelike properties from 
which they had isolated an alkaloid they 
called erythroidine. Gill next offered his cu- 
rare, in May 1939, to E. R. Squibb and 
Sons, who contracted to buy Gill's product 
and subject it to laboratory investigation. 


Gill’s plants were identified as chondo- 
dendron tomentosum by the Squibb chem- 
ists, among who was Horace Holaday, father 
of Duncan Holaday, the anesthesiologist. 
He devised the rabbit head-drop test, still 
in use today to assay the strength of puri- 
fied curare.** No one as yet knew what the 
active ingredient was. Holaday named the 
drug “INTOCOSTRIN,” and some samples 
were made available for research purposes 
early in 1940. Two other Squibb scientists, 
James Dutcher and Oskar Wintersteiner, in 
1942, became the first investigators to iso- 
late d-tubocurarine from a botanically iden- 





Fig 3. Richard Gill collecting curare in th 





ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 56, No. 2, MARCH-APRIL, 1977 








me 


e jungle. 





tified specimen of chondodendron tomento- 
sum.*^ Harold King, working in Britain's 
National Institute for Medical Research in 
1935, first isolated and determined the 
chemical formula of the pure alkaloid, which 
he named d-tubocurarine chloride? How- 
ever, he was unable to identify the type of 
plant or species the alkaloid had come from, 
although it pointed to the genus chondo- 
dendron as the probable source of the active 
ingredient of the crude curare. 


Meanwhile, an orthopaedic surgeon, 
Michael Burman, who in the 1930s was a 
member of the Medical Staff of the Hospi- 
tal for Joint Diseases, became interested in 
1934 in the use of curare for patients with 
spastic paralysis.?* He came across the work 
of Ranyard West?? in the course of his own 
investigations. Between 1931 and 1935, 
West had investigated the action of curare 
on paralytic rigidity in man.?? Burman re- 
ceived a supply of curare from the Merck 
Institute of Therapeutic Research in Rah- 
way, New Jersey, and began his study of 
relieving the spastic paralysis of children. 


It was a hit-and-miss experience, since 
there was no method of prestandarizing the 
active material which, in fact, represented a 
mixture of drugs. Because of this, Burman 
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changed to the substitute relaxant drug 
Merck was working with, the alkaloid eryth- 
dine’ It proved to be as unpredictable 
irare, more fleeting in action and less 
nt. He published his results in several 
s between 1939 and 1940. After 4 
s of investigation, Burman concluded 
t the relief was only temporary; that 
-there was no predictable response because 
the so-called standardized preparation of 
erythroidine also varied in its potency and 
duration of action. 












The next protagonist for the clinical use 
of curare was A. E. Bennett, a neuropsychi- 
atrist, practicing in Omaha, "Nebraska.?! He 
was interested in convulsive shock therapy 
in the treatment of severe psychoses, but 
was concerned with the high incidence of 
-.. fractures which occurred during the convul- 

gions induced by Metrazol*. A paper pub- 

-lished by him and an associate in 1959 rec- 
ommended the use of spinal anesthesia, in- 
uced prior to shock therapy, to prevent 
overe fractures of the spine and lower ex- 
 tremities.?? He reasoned that, since the fun- 
" damental cause of fracture complications 
was the severity of the muscular contraction 
occurring from the induced convulsions, the 
proper approach should be to lessen the 
severity of the convulsions. Curarization 
seemed to be such an approach. Compre- 
hensive review of the literature by Bennett 
was discouraging except for the work of 
Burman, who reported curare to be a safe 
relaxant in spastic states.?? 











>o Bennett was again frustrated in his plan 
to use curare because he could not obtain 
‘any commercially. He appealed to a fellow 
eurologist, Dr. Walter Freeman, Mr. Gill’s 
yhysician. Freeman informed Bennett that 
Gill had just returned from an expedition to 
“Ecuador where he had procured a large 
quantity of crude curare. Gill supplied Ben- 

-- nett with the drug, which he turned over to 
^s ASR. McIntyre, Chairman of the Depart- 
~ ment of Pharmacology at the University of 
Nebraska College of Medicine. McIntyre, 
using mice, established a dosage of 3 to 4 
EU mg/ kg as a standard unit for Bennett's 

















"The following year (1940), Bennett re- 
nanih his results, stating- that for the past 
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pointed the way to its application in con- 


vulsive shock therapy of mental disorders.?5 — 


'The material obtained from Gill and stand- 
ardized by McIntyre was used from June 
until August 1939. Sidney Newcomer, of 
Squibb, then notified Bennett he would con- 
tinue to send him from Gill’s supply of the 
erude curare for McIntyre to assay until 
their laboratory was able to standardize the 
drug. Early in 1940, Squibb was able to 
supply Bennett with the refined drug after 
Holaday’s rabbit head-drop test proved 
highly accurate. 


In June 1940, the AMA held its 91st An- 


nual Session in New York. Among the ex- |. 2: 
hibits was one presented by A. E. Bennett | 


showing the use of curare for the prevention 


of complications in convulsive shock ther- . 8 
apy. One who showed a deep interest in the — . 
exhibit was Lewis H. Wright. He had been . 


a pharmacologist, medical student, obstetri- 
cian, anesthesiologist, and, at this point, was 
professionally associated with E. R. Squibb 
and Sons. (fig 4) 


I first met Dr. Wright in 1947 as a mem- 
ber of the ASA Library-Museum Commit- 
tee. I was unaware at the time of his role 





Fic 4. Lewis H. Wright in his office. 
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in the introduction of curare. He Eus inking 
mentioned it, he never wrote about it. His | 


name was attached to an article, “Curare 
in Anesthesia," as a joint author published 
in a county medical society journal in 
1947.39 Consequently, I am indebted to Dr. 
David Davis for allowing me to use a por- 
tion of a taped interview he had with Lew 
Wright in 1966. Here is that portion as re- 
produced from the tape: 


"Among all of the activities that I had 
with Squibb, one was the development of 
curare. It so happens that a Mr. Richard 
Gill, who was a South American explorer 
and importer, had had a condition develop 
which left him with a certain amount of 
spastic paralysis of one leg. He had been 
importing many things from the Orinoco 
River area in South America and one of 
them was crude curare. 


“It so happened that Squibb had a couple 
of men in their research laboratory who 
were interested in pure chemistry. They 
started working with the material that Mr. 
Gill brought back, the so-called curare mud, 
the tube curare, the pot curare or the gourd 
curare, whatever term you want to use for 
the material. They purified the material and 
made certain that it would meet the proper 
pharmacological and therapeutic standards. 


“It also so happened at this time, Dr. 
McIntyre, Professor of Pharmacology at the 
University of Nebraska, had a research 
grant from the Squibb Laboratories and he 
received some of this material from them. 
Also. by happenstance, (he had) a friend 
who was a neuropsychiatrist, Dr. A. E. 
Bennett of Omaha. Dr. Bennett was having 
a certain amount of difficulty as were all 
other psychiatrists who were doing shock 
therapy. He wondered if the use of curare 
intravenously, which had become known as 
Intocostrin, would be satisfactory for use. 
He used it around 1939-1940. Over a period 
of. 2.3 years, literally tens of thousands of 
S patients were given the Intocostrin to soften 


. the convulsions of the shock therapy with 


very. satisfactory results. It had also been 
used in the spastic diseases by the ortho- 


nu paedic : surgeons. Dr. Burman at the Hospi- 


tal for Joint Diseases in New York was one 
of the first to use it in this manner. 


"Between 1930-1935, many new anesthetic 
agents had been introduced which did not 
produce good and adequate relaxation. It 
seemed to me that there might be a use for 
a relaxant drug in the operating room. I'm 





ologist friends. 
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slopropane; intra- 
on. I mentioned 
this use of curare to any of my anesthesi- 
“Most of them thought I 
was crazy; that this Indian arrow poison to 
be used in the operating room was really 
far from a modern scientific approach. 





"Well, I figured if the neurologists and 
neuropsychiatrists and the people who were 
relatively untrained in respiratory physi- 
ology could use the drug safely, the person 
who was trained in respiratory physiology 
as the anesthesiologist could use it satisfac- 
torily. Some of the people to whom I men- 
tioned this did try it under laboratory con- 
ditions with unsatisfactory results. We have 
since learned that the dog is not a good 
experimental animal for curare and we have 
also learned that the use of curare with 
ether produces certain problems particularly 
in the dog." * 


There are three anesthesiologists who 
stand out in the introduction of curare in 
anesthesia and who were the first recipients 
of the drug from Lew Wright: E. M. Papper, 
Stuart C. Cullen, and Harold Griffith. As 
he pointed out in the interview, Wright 
felt that anesthetic agents such as cyclopro- 
pane, ethylene, and intravenous barbiturates 
could be advantageously augmented by the 
addition of curare. Wright knew of the un- 
favorable effects of deep anesthesia, such aso 
with ether. | | 


The late E. A. Rovenstine, Chairman of 
the Department at Bellevue, was given the 
Squibb curare preparation by Wright early 
in 1940 and turned it over to E. M. Papper, 
who was serving a residency at Bellevue 
after having spent 2 years in the laboratory 
with Homer Smith in renal physiology at 
New York University School of Medicine.t 
(fig 5) Strange as it might seem, in view 
of Rovenstine’s role in the introduction of 
cyclopropane, he wanted Papper to use 
curare during ether anesthesia. Papper 
brought the drug to the laboratory and anes- 
thetized a small number of cats. All of them. 
died in what appeared to be an acute. asth- . 
matic attack. He then gave this curare prep- | 


aration to two patients who had been: given = 


ether, and spent most of the night resusci- 
tating them with a breathing bag, a to-and- 
fro canister, and an endotracheal tube. He 





*Portion of an interview with Lewis H. Wright, 
taped by David A. Davis, MD, Duke University, 
Durham, North Carolina. 


iPrivate communication from E. M. Papper, MD, 
1975. 


Editors Choice 






Fie 5. E. M. Papper, MD. 


i. eadi the preparation was too dangerous 
from a respiratory standpoint and, there- 
fore, impractical. It never occurred to him 
or Rovenstine to try it with cyclopropane. 


Stuart Cullen also received the Squibb 
curare preparation from Wright in 1940.” 
(fig 6) He had been a resident under E. A. 





Fro. 6. Stuart C. Cullen, MD. 
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Rovenstine at Bellevue between 1936-1938, E 
from where he went to the University of 


Iowa as Professor and Chairman OF the De- 
“extract of Sever ric curare,” re 
costrin, in the laboratory with the help of 
E. R. Gross, Professor of Pharmacology at 
Iowa. They gave the drug to several dogs 
which had been anesthetized with ether as 
Papper had done with cats. In a personal 
communication to me, he wrote, "Being 
relatively unalert to the necessity for con- 
trol of ventilation, we were unfavorably im- 
pressed with the reaction of the dogs; they 
salivated profusely, had extreme respiratory 
and asphyxial convulsive movements. This 
discouraged us from applying it to human 
beings in spite of Bennett’s glowing re- 
ports." * 


Here were two well-trained anesthesiolo- 
gists with research experience who in the 
30s and 40s, before the present stringent re- 
quirements for patient safety were man- 
dated, properly elected to first go to the 
laboratory with this new agent. It was an 
instance where application of the discipline | 
of scientific method can sometimes obviate 
an important finding because it eliminates 
the element of sheer chance, which can often 
lead to important discoveries. Many others, 
besides Papper and Cullen, also considered 
it a dangerous drug and feared to use it. 
Dr. E. Strecker, Professor of Psychiatry at 


the University of Pennsylvania, wrote to — > 
Bennett in 1940, saying that he had serious ^^ 
reservations about the use of curare clini- T 
cally, and that the d eur of his Depart- r3 


us wale: 33 And, as S elesdy nod. inast of 
the anesthesiologists approached by wie : 
also were of this mind. 


However, at the other end of the g 
trum of medical practice, away from the 
laboratory and academic departments, was 
a purely clinically oriented physician, a 
country doctor named Harold R. Griffith, 
of Montreal. (fig 7) He served as a parte 
time anesthetist at the Homeopathie Hospi- 
tal, while conducting a general practice. 


However, a turning point developed in his... 
career following a visit to Madison, Wiscon- 


sin, in October 1933, where he was greatly 
impressed with the use of cyclopropane by 
Dr. Ralph Waters.*? As a consequence the 
first cyclopropane anesthesia given in Mon- 
treal was by Griffith on October 30, 1933. 


——— 





- 


*Private communication from Stuart C. Cullen, MD, 
1975. 
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Fic 7. Harold R. Griffith, MD. 


Cyclopropane immediately became 
Griffith's agent of preference for general 
anesthesia. Up to that time, he had been an 
enthusiastic user of ethylene. General prac- 
titioner though he was, he was also an ar- 
dent reporter. Between 1933 and his best- 
known article of July 1942, he published 14 
articles, all on anesthesia, and mostly on the 
use of cyclopropane. In his first report of 
350 administrations, he also told of his per- 
sonal experimentation, stating that he put 
himself “to sleep with it several times and 
found it very pleasant." In another article, 
continuing his enthusiasm for cyclopropane, 
he began as follows: “Recently I found an 
old diary which I had written when I was 
12 years old. One entry, early in June of 
that year read like this, ‘What do you know! 
I am going to have my appendix out, will 
miss examinations, hurrah!’ The next entry 
a few days later said simply, ‘Had opera- 
tion, ether was rotten" "3$ 


Griffith also recognized the tendency in 
some patients to develop respiratory depres- 
sion or temporary cessation of respiration 
with cyclopropane. His advice, italicized in 
another article in 1940, was: “The most im- 
portant single piece of advice for anesthe- 
tists contemplating the use of cyclopropane 
is to practice endotracheal intubation”? 
And so as he stood on the threshold of a 
most revolutionary event in anesthesiology, 
he, fortunately, had all the attributes neces- 
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sary to carry it through: ‘the weil for trying 
better drugs clinically, a: high regard for the 
qualities of cyclopropane, an awareness of 
its safe use and its dangers, recognition of 
respiratory depression and knowledge of the 
means to overcome it, and lastly, the ability 
to report his experiences and observations 
effectively. Griffith reported: 1^ 


"In 1940, Dr. Lewis H. Wright, of E. R. 
Squibb and Sons, told me about Dr. 
Bennett's work and suggested that curare 
might be safe and effective as a relaxant 
drug in combination with general anesthesia 
during surgical operations. I passed cff the 
idea as fantastic, but, when I met Dr. Wright 
again in October, 1941, I asked him how he 
was progressing with his plan. He said so 
far as he knew no one had tried it out, but 
he still thought it a good idea. He told me 
how Dr. Bennett had administered the drug 
to hundreds of psychiatric patients without 
harmful effects. So I asked Dr. Wright to 
send us some Intocostrin, and, on January 
23, 1942, at the Homeopathic Hospital of 
Montreal, it was first administered to a pa- 
tient under anesthesia. 


“The patient was a robust young man, 20 
years of age, weighing approximately 150 
lbs, operated on for chronic appendicitis. 
The surgeon was Dr. G. T. Novinger and the 
anesthetists were Dr. Enid Johnson and 
myself. The anesthetic agent used was cy- 
clopropane by mask. The following remarks 
are copied from the original chart: Into- 
costrin, Squibb (Curare) 3.5 cc given intra- 
venously in 115 minutes as operation started 
—no appreciable effect on pulse or respira- 
tion. After 5 minutes, another 1.5 cc of 
Intocostrin given. Apparently complete re- 
laxation of abdominal muscles resulted and 
continued for 20 minutes, during which time 
cyclopropane was lightened. At the end of 
this period, muscle tone returned, probably 
wearing off of curare effect. Cyclopropane 
was then increased in concentration and an- 
esthesia continued in the usual way. There 
was no demonstrable change in pulse, blood 
pressure or respiration." 


By the time Griffith had administered 
curare to 25 patients he was fairly sure they 
were on the trail of a potentially valuable 
new tool for the anesthetist. On March 3, 
1942, he addressed a letter to Dr. Wright, 
care of E. R. Squibb and Sons: !! 


"I enclose a rough draft of an article I 
have written regarding 'Intocostrin. I would 
like to have your comments and suggestions, 
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and to know whether you think we should 
» send some such article for publication now 
. Or wait until we have further experience. 
- Please do not hesitate to tell me if you 
_.. think we should make some changes. If it 

-is to be sent for publication, would you 
rather have it go to Anesthesiology or to 
—- some other journal? 






. As far as we are concerned, we are 
quite satisfied that the drug produces com- 
plete relaxation, just as you predicted that 
it would, and it has already been of value 

. to our surgeons in several instances. I feel 
that it has a definite, though limited, place 
in anesthesia. So far, we have not attempted 
giving second doses or any dose larger than 
5 ce in order to prolong the effect, but in 

. one case, I gave what I felt was certainly 

^. "an overdose in order to see if there was any 
harmful effect. This was to a very frail, old 
ady who weighed about 90 pounds and on 
vhom we were performing a colostomy for 
inoperable carcinoma of the rectum. We 
ave her the full 5 cc of ‘Intocostrin’ and all 
hat happened was that her breathing, which 
-was already quiet, stopped altogether and 

. we kept her going with artificial respiration 
for about fifteen minutes. She was none the 
worse afterwards." 












Griffith's first article on curare was pub- 
. lished in Anesthesiology in July 1942.42 It 
related his experience with the 25 cases. The 
dosage given was 10 to 20 mg/20 pounds of 
- body weight, with a maximum dose of 5 ml 
. (100 mg). He also stated that it had not 
been necessary to administer artificial res- 
-piration or stimulants in any of the cases 
itraoperatively. It was suggested by the 
uthors that an ampoule of prostigmine be 
lways available as an antidote. The pub- 
lished report was received with some skepti- 
^ eism and criticism, but mostly with wide 
acceptance. Stuart Cullen recently wrote to 
. me, “Harold Griffith was not constrained by 
our scientific principles and applied it to 
"human beings under anesthesia with ven- 
: tilatory control and his results were pub- 
lished. We then pursued with a vengeance 
. its application in human beings under anes- 
2 thesia. "e 










< On March 9, 1943, Cullen submitted an 
cle to Surgery reporting on the use of 
ire for the improvement of abdominal 
alar relaxation during inhalation anes- 










E. rivate communication from Stuart C. Cullen, MD, 
-197 
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thesia in 131 cases.+3 Cullen and Gross then 
followed with an article to explain their 
original failure. They showed that ether, 
tribromethanol (Avertin®), and sodium thi- 
opental all have curariform actions, with 
ether having the greatest. They concluded, 
“The clinical difficulties, encountered with 
the concomitant use of ether and curare are 
thus accounted for.” +4 From then on, a flood 
of reports on curare began to fill the litera- 
ture and is still going on today. 


On the 10th anniversary of the first use _ 
of curare in clinical anesthesia, the event 
was marked by the unveiling of a plaque at 
the hospital where Griffith first used it, now... 


called the Queen Elizabeth Hospital. (fig > 
8) Drs. Wright, Griffith, and Johnson were — 
present. Wright made the presentation on | 
behalf of E. R. Squibb, stating: “This use 
of curare was the beginning of a chain of 
events resulting in benefit to more than 
10,000,000 surgical patients a year through- 
out the world." In accepting the plaque for 
the hospital, Griffith recalled the first anes- 
thetic and stated, “I did not dream our little 
snowball would grow into such an ava- 
lanche.” 





It had taken almost 500 years before cu- p. 


rare was tamed and even then another- 50 - 
years before it was civilized enough to be- 
come a part of the anesthesiologists’ arma- _ 
mentarium. Along the way, it intrigued the 
scientist as a laboratory tool, but was slow. 
to be adapted to use in the human, primarily 
because of the inability to obtain. a purified | 
product and the absence of a method of — 

standardization of the drug. The widespread 
fear of respiratory failure and convulsions | . 
also was a contributing factor. King, West,  . 
and Burman paved the way for its first prac- 


tical application. Richard Gill was the first 
to make it readily available. McIntyre, 
Holaday, Wintersteiner, and Dutcher per- 
formed the critical pharmacologic and phy- 
siologic studies of the drug. Bennett was the - 


first to use it repeatedly and. safely in the. _ 
human prevention of fractures in electro- 
convulsive therapy. Wright had the vision 


to foresee its value in anesthesia; Griffith: _ 
must be credited with making it a clinical a NS 
reality. we ut 


Relevant to the story of curare, it is ap- 
propriate to conclude: “The seeds of great 
discoveries are constantly floating around 





TAs reported in the Montreal Star, the next day: 
January 24, 1952. 
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Fic 8. Presentation of the plaque at the 10th Anniversary of the introduction 


anesthesia. 


Fic 9. Lewis H. Wright, MD. 


us, but they only take root in minds well 
prepared to receive them."* (fig 9) 


*Statement ascribed to Joseph Henry, 18th century 
physicist. 
REFERENCES 


1. Newcomer HS: Preface to Curare Intocostrin. 
New York, ER Squibb & Sons, 1946, pp 5-6 


2. Smith P: Arrows of Mercy. Garden City, 
New York, Doubleday & Company, 1969 


1 23 





of curare into clinical 


3. Martyr Pd'A: De Orbe Novo (1516 Latin). 
Translation by FA Mainutt. New York, GP Put- 
nam's Sons, 1912, vol 1, p 75 


4. McIntyre AR: Curare: Its History, Nature, 
and Clinical Use. Chicago, University of Chicago 
Press, 1947 


5. Thomas KB: Curare: Its History and Usage. 
London, Pitman Medical Publishing Company Ltd, 
1964, p 24 


6. Sykes WS: Essays on the First Hundred 
Years of Anaesthesia. Edinburgh, ES Livingstone 
Ltd, 1960 


7. Raleigh, Sir Walter: HAKLUYT's Voyages, 
vol III, p 649. Discovery of the Large, Rich and 
Beautiful Empire of Guiana (Imprinted in London 
by Robert Robinson, 1596). Reprinted for the 
HAKLUYT Society, London, 1868 


8. Gill RC: White Water and Black Magic. 
New York, Henry Holt & Company, 1940 


9. De La Condamine CM: Relation Abregee d’un 
Voyage fait dans l'Interieur de Amerique Meri- 
dionale. Memoires de l'Academie des Sciences, 62, 
391, 1745 


10. Hammond WA, Mitchell SW: Experimental 
researches relative to corroval and vao-two new 
varieties of woorari, the South American arrow 
poison. Am J Med Sci 38:13-60, 1859 


11. Thomas KB: Curare: Its History and Usage. 
London, Pitman Medical Publishing Company, Ltd, 
1964, p 28 (taken from Bancroft E: Essay on the 
Natural History of Guiana and South America, 
1769, p 281) 


12. Fontana F: Traité Sur Le Venin de la Vipére 
Sur Les Poisons Américans. Philos Trans 70:34, 
1780-1781 


13. Brodie Sir BC: Experiments on the different 
modes in which death is produced by certain vege- 
table poisons. Philos Trans 101:194-205, 1811 


14. Brodie Sir BC: Further experiments and 


Editor's Choice 


observations on the actions of poisons on the animal 
systems. Philos Trans 102:205-227, 1812 


15. Waterton C: Wanderings in South America. 
London, MacMillan & Company, 1879 


16. Schumburgk RH: Travels in Guiana. Ann 
Nat Hist 7:407-427, 1841 


17. Bernard C: Analyse Physiologique des Pro- 
priétés des Actions de Curare et de la Nicotine sur 
Systèmes Musculaire et Nerveux au Moyen du 
Curare. Compt Rend Acad d sc 43:824-829, 1856 


18. Sayres LA: Two cases of traumatic tetanus. 
NY J Med 4:250-253, 1858 


19. Spencer Wells T: Three cases of tetanus, in 
which “woorara” was used. Proc Roy Med Chir 
Soc 3:142-157, 1859 


20. Editorial: Curare in tetanus. Lancet 2:595- 
596, 1859 


21. Burnap TK, Little DM, Jr: The flying 
death: Classic papers and commentary on curare. 
Int Anes Clinics 6:491-492, 1968 


22. Drummond D: A case of chorea treated by 
the subcutaneous injection of curare. Br Med J 
1:857, 1878 


23. Boehm R: Über curare und curare alkaloid. 
Arch Pharmazie 235:660-684, 1897 


24. Gill RC: Curare: misconceptions regarding 
the discovery and development of the present form 
of the drug. Anesthesiology. 7:14-24, 1946 


25. McIntyre AR: Historical background. Early 
use and development of muscle relaxants. Anes- 
thesiology 20:409-415, 1959 


26. Wintersteiner O, Dutcher JD: Curare alka- 
loids from chondodendron tomentosum. Science 97: 
467-470, 1943 


27. King H: Curare alkaloids. Part I. Tubo- 
curarine. J Chem Soc 1:1381-1389, 1935 


28. Burman MS: Curare therapy for the release 
of muscle spasm and rigidity in spastic paralysis 
and dystonia musculorum deformans. J Bone Joint 
Surg 20:754-756, 1938 


29. West R: The pharmacology and therapeutics 
of curare and its constituents. Proc Roy Soc Med 
28:565-578, 1935 


319 


30. Burman MS: Therapeutic use of curare and 
erythroidine hydrochloride for spastic and dystonic 
states. Arch Nerv Psychiat 41:307-327, 1939 


31. Bennett AE: The introduction of curare into 
clinical medicine. Am Sci 34:424-431, 1946 


32. Hansa WR, Bennett AE: Traumatic compli- 
cations of convulsive shock therapy. A method of 
preventing fractures of the spine and lower extremi- 
ties. JAMA 112:2244-2246, 1939 


33. Bennett AE: How "Indian arrow poison" 
curare became a useful drug. Anesthesiology 28: 
446-452, 1967 


34. Bennett AE, McIntyre AR, Bennett AL: 
Pharmacologic and clinical investigation with crude 
curare. JAMA 114:1791, 1940 


35. Bennett AE: Preventing traumatic complica- 
tions in convulsive shock therapy by curare. JAMA 
114:322-324, 1940 


36. Wood PM, Wright LH, Newcomer HS: Cur- 
are in Anesthesia. NY Med 3:44, 1947 


37. Griffith HR: Cyclopropane anaesthesia: a 
clinical record of 350 administrations. Can Med 
Assoc J 31:157-160, 1934 


38. Griffith HR: Cyclopropane: a revolutionary 
anesthetic agent. Can Med Assoc J 36:496-500, 1937 


39. Griffith HR: The management of complica- 
tions arising during cyclopropane anesthesia. NY 
State J Med 40:209-214, 1940 


40. Griffith HR: The evolution of the use of 
curare in anesthesiology. Ann NY Acad Sci 54:493- 
497, 1951 


41. Communication from HR Griffith to Lewis 
H. Wright, dated March 9, 1943. From files on curare 


in Research Institute, ER Squibb & Sons, Princeton, 
New Jersey 


42. Griffith HR, Johnson GE: The use of curare 


in general anesthesia. Anesthesiology 3:418-420, 
1942 


43. Cullen SC: The use of curare for the improve- 
ment of abdominal muscle relaxation during inhala- 
tion anesthesia. Surgery 14:261-266, 1943 


44. Gross EG, Cullen SC: The effects of anes- 
thetic agents on muscular contraction. J Pharmacol 
Exp Ther 78:358-365, 1943 


320 


P cw be omm. | 


i 






NN 
d xi 7/7 i} 


vill 


| 









J 
D 





rd 


2 bs adl is 
OS Za 
A a 


ANESTHESIA AND ANALGESIA ... Current Researches Vor. 56, No. 2, MARCH-APRIL, 1977 


2 The Physician 
& The Law 













s 





yu 


Qe 


ER. 


Anesthesiologist Liable for Patient's Movement 
During Eye Surgery 


Avo award of $500,000 to a patient 
who lost his right eye following eye 
surgery was not excessive, a Texas appel- 
late court ruled. 


While the patient, 41, was undergoing sur- 
gery for removal of a buckle placed there 
during previous surgery, he apparently was 
not adequately anesthetized. During a criti- 
cal point in the operation, while the operat- 
ing physician had a needle in his eye to 
make an injection, the patient raised up off 
the table, tore off the drapes covering his 
face, and tore out the sutures. 


The patient became blind in the injured 
eye and, two years later, because of deteri- 
oration and threat of disease, the eye had to 
be removed. An artificial eye was prepared 
for the patient, but he has had a great deal 
of trouble wearing it. 


In the patient's malpractice suit, the jury 
found that the anesthesiologist, individually 
and on behalf of his partnership, did not 
perform his medical services as a reason- 
ably prudent anesthesiologist should have 
done in the exercise of ordinary care under 
the same or similar circumstances. The an- 
esthesiologist admitted that the patient 


moved because he was inadequately anes- 
thetized. 


The jury found that the anesthesiologist 
was negligent in failing to administer an 
adequate dosage of proper anesthesia to in- 
sure unconsciousness and immobility during 
the surgery in progress and in failing to 
properly supervise the nurse-anesthetist to 
see that she administered an adequate dos- 
age of proper anesthetic. 


The jury also found that each of the 
above acts of negligence was a proximate 
cause of the patient's injuries. 


Claiming that the $500,000 jury award 
was excessive, the anesthesiologist appealed. 


The appellate court found that the evi- 
dence supported the verdict. The patient's 
limited vision, physical pain and suffering, 
past and future mental anguish, including 
disfigurement, humiliation, embarrassment, 
and worry over his well-being and loss of 
future earning capacity justified the amount 
of the verdict, the court said.—Cezeaux v. 
Libby, 539 S.W.2d 187 (Tex. Ct. of Civil 
App., July 15, 1976; rehearing denied, Aug. 
5, 1976) 


Reprinted by permission from THE CITATION, published by the Law Division of the American Medical 


Association. 
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Answers 


We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 
Rochester, Minnesota 55901. The names 
of those submitting questions will remain 
anonymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 


Ronald W. Dunbar, M.D. 
Contributing Editor 
Atlanta, Georgia 


QUESTION: The patient is a 74-year-old 
man who had an aortofemoral bypass pro- 
cedure about a year ago. The procedure took 
about 4 to 5 hours and was performed be- 
cause of progressive claudication of the hips 
and lower extremities. Anesthesia consisted 
of N,O, O., meperidine, and curare, after 
induction with thiopental and succinylcho- 
line. Toward the middle of the operation, 
halothane was added. The anesthetic course 
was uneventful. The patient received a total 
of 2000 ml of blood and 2400 ml of fluid 
during the operation. Postoperatively, the 
patient did well except for a bladder infec- 
tion, which responded to antibiotics. 


Since his operation, the patient has com- 
plained of intermittent hoarseness and dif- 
ficulty speaking. Examination of the vocal 
cords by the ENT Department reveals a 
paresis of the right true vocal cord. A pre- 
vious examination states, “Arytenoids ad- 
duct fully, but has loss of cord elasticity, 
causing bowing of cords." 
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I have never heard of this complication 
following endotracheal intubation, although 
our ENT man states that he has seen this 
in the past. Would like comments by ex- 
perts. 


MD, California 


ANSWER #1: Vocal paralysis following sur- 
gical procedures unrelated to the neck or 
thorax is a rare and yet-unexplained compli- 
cation of endotracheal intubation. Several 
series! have included reports on 18 cases. 
Palsy is mostly unilateral, with bilateral oc- 
currence possibly related to other causes, 
examples of which include unilateral neck 
surgery with bilateral paralysis, previous 
reported vocal paralysis following thyroid 
surgery, and history of poliomyelitis.? Diag- 
nosis may be confirmed by indirect laryng- 
oscopy when hoarseness persists for several 
days following endotracheal intubation. 


Mobility may return to the affected cord, 
but complete functional recovery does not 
necessarily imply that this occurs. A para- 
lyzed cord may become fixed in the midline 
or paramedian position and in both posi- 
tions may be apposed by the functional 
cord. Functional recovery, usually complete 
within 7 to 8 weeks, occurs either by a re- 
turn of function to the cord or by compen- 
satory action from the opposite cord. Tra- 
cheostomy may only be required for bila- 
teral involvement. 


No suggested etiology satisfactorily ex- 
plains the cause. The recurrent laryngeal 
nerves supply the motor innervation to the 
vocal cords. The Japanese series! demon- 
strated by electromyography that the con- 
dition is associated with impaired function 
of the recurrent laryngeal nerves. The asso- 
ciation with endotracheal intubation implies 
that pressure on the nerve exists at some 
vulnerable point along the course of the 
nerve. Rotation and extension of the neck, 
overdistention of the cuff, presence of a 
nasogastric tube, and residual ethylene ox- 
ide in the endotracheal tube have all been 
implicated as causes, but each lacks a con- 
sistent relationship. A more plausible ex- 
planation is offered by Hahn's group,? who 
suggested that an unevenly distended cuff 
on the endotracheal tube, if it were to re- 
main within the larynx, could exert pressure 
on the recurrent laryngeal nerve endings by 
compression against the thyroid cartilage. 
After the recurrent laryngeal nerve passes 
posterior to the cricothyroid articulation, an 
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anterior brane ubl the intrinsic mus- 
cles above the cricoid and thus is vulnerable 
to such pressure. Although this branch typi- 
cally innervates the adductor muscles, vari- 
ations are reported where it contains all the 
motor functions. 'The hypothesis satisfac- 
torily explains vocal paralysis but lacks 
supporting evidence. 


Roland L. Kennedy, MD 
Department of Anesthesia 
University Hospitals 
Iowa City, Iowa 
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ANSWER #2: Vocal cord paralysis follow- 
ing surgery unrelated to the neck and re- 
current laryngeal nerve is uncommon. A 
recent review! lists 5 cases. The factor com- 
mon to all cases was the use of a cuffed 
endotracheal tube. The mechanism of paral- 
ysis was postulated to be irregular inflation 
of the endotracheal-tube cuff. Through over- 
distention or a defect in the cuff, irregular 
inflation caused an area of the cuff to “bal- 
loon out,” pressing against the laryngeal 
wall or forcing the entire tube against it. 
The resulting pressure compresses endings 
of the recurrent laryngeal nerve. Such a 
mechanism could explain why most palsies 
are unilateral. 


Although it is not stated whether the en- 
dotracheal tube used in the present case 
had a cuff, it most likely did. Whether a 
defective cuff caused the present problem 


is uncertain. Certainly it appears that the 
patient had an abnormally functioning cord 


and perhaps vocal-cord disease preopera- 


tively. 


Fortunately, most vocal-cord palsies im- 
prove with time. 


Duane K. Rorie, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 
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QUESTION: Would you please comment on 
the medical and legal aspects of administer- 
ing methoxyflurane and trichloroethylene in 
self-administering inhalers both in hospital 
and office settings. 


MD, Louisiena 


ANSWER #1: In the past, the practice of 
self-administration of trichloroethyleme in 
the Duke University Inhaler was based on 
efficacy of analgesia and the facts that it 
was nonexplosive mixed with air and widely 
applicable for minor procedures. It was also 
used for parturients intermittently during 
labor and delivery, often in association with 
regional anesthesia. This often occurred in 
the absence of trained anesthesia personnel, 


Problems associated with its use, espe- 
cially in higher concentrations, include flam- 
mability when mixed with O,, tachypnea, 
bradycardia, cardiac arrhythmias. It reacts 
with soda lime to produce toxic and explo- 
sive dichloroacetylene. When decomposed 
by heat, it will produce HCl and phosgene. 
It must be kept cool, in dark containers, and 
be used only on open or semiopen anesthetic 
circuits with no soda lime. 


The use of methoxyflurane (MOF) in 
self-administering inhalers is controversial. 
This use is justified by its efficacy as an 
analgesic, permitting early ambulation with 
minimal side effects. It often is used in the 
absence of skilled anesthesia personnel or 
adequate equipment for cardiopulmonary 
resuscitation to deal with problems of vomit- 
ing, aspiration, hypoxia, arrhythmias, ar- 
rest, airway obstruction, and other poten- 
tials for morbidity and mortality that may 
occur. 


Equally important is the potential for its 
nephrotoxic effects. Renal failure has been 
repeatedly reported in the past 10 years.!-5 
Mazze and others*:?7 suggest that this tox- 
icity is dose-related, associated with metabo- 
lism of MOF to produce plasma inorganic F 
levels of 50 „M/L or higher. 


Some data are available relative to the 
nephrotoxic potential and _ transplacental 
passage of MOF and its metabolites in 


Questions and Answers 


mother and neonate. Both metabolites, inor- 
< ogame fluoride (F) and organic acid-labile 
uoride (OALF), have been measured in 
neonatal blood for 4 days after maternal 
ünistration.* It seems certain that MOF 
osses the placenta and is metabolized in 
e infant, as does OALF. The latter may 
provide a source of F in the infant for days. 
— Marked variations in metabolite concentra- 
tions were seen and taken as evidence of 
important individual variation in metabo- 
lism, though this was not conclusive. 














Other studies?.? indicate F levels well 
below those reported (50 »M/L) for sub- 
clinical toxicity, though Clark!! measured 
higher levels in 20/50 mothers. He also 
showed elevated F levels for 2 days post- 
partum in the neonate. These authors all 
concluded that MOF administration to 

< women for labor and delivery is safe if 
nee given in low concentrations. 









It would seem to me in light of increasing 
crutiny of our practice in relation to the 
ant of consumerism, and with recogni- 
Jon that our responsibilities to the patient 
< have not always been completely fulfilled in 
. our application of pharmacologic philoso- 
. phy, that these conclusions are not valid. 





Instead, Palahniuk's conclusions? seem 
more valid. He feels that although there is 
no evidence of neonatal renal impairment 
after maternal MOF administration, its 
safety for the fetus can only be speculative 

. until we can determine the fetal renal F 
. sensitivity. 


.It would thus not seem justified to con- 
inue a practice of self-administration of a 
tent inhalation agent such as MOF, par- 
icularly in pregnancy. Its safety for the 
— newborn is not yet established, and its po- 
<- tential for maternal complications is well 

known. 








Solutions to the problems of providing 
ambulatory pain relief lie in provision of 
adequate equipment and trained anesthesia 
personnel to supply safe anesthesia to more 
patients. In obstetric anesthesia particular- 
ly, I would decry the use of a technic and 
agent such as self-administered MOF in 
the face of current changing obstetric phi- 
losophy and practice. Modern obstetric 
practice tends to minimize pharmacologic 
intervention for analgesia and to promote 

 —the use of regional technics. I would feel 
that mask administration of a potent agent 
for analgesia in labor and delivery is no 
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longer defensible and is contraindicated in 
light of widespread use of obligatory endo- 
tracheal anesthesia for inhalation anesthesia 
in pregnancy. 


Jess B. Weiss, MD 
Department of Anaesthesia 
Harvard Medical School and 
Boston Hospital for Women 
Boston, Massachusetts | 
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ANSWER #2: Methoxyflurane (MOF) and 
trichloroethylene (TCE) have been used 
for self-administered awake analgesia during 
labor and/or delivery, during dental extrac- 
tions, and for postoperative “stir-up” regi- 
mens. MOF appears to be superior to TCE, 
producing better pain relief and greater pa- 
tient acceptance, with less drug-associated 
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nausea ; and restlessness, A) 

advantage ‘TCE is its incompatibility 
with soda lime, introducing. the possible 





hazard of subsequent anesthesia via a circle- 


bei Mer system. | 


A hazard of MOF i is its biotransformation 
to. fluoride (F), with a subsequent inability 
of the kidney to concentrate urine. Patients 
with compromised renal function, the mor- 


D EM bidly obese, or those receiving potentially 


nephrotoxic antibiotics or enzyme-inducing 
drugs may be more likely to develop F 
nephrotoxicity. Serum F levels have been 
shown to correlate with the degree of renal 
dysfunction after MOF anesthesia.” Signifi- 
cant renal changes probably do not occur 
when serum F does not exceed 50 „M/L. 


Awake intermittent self-administered MOF 
analgesia. during labor and delivery resulted 
. jn peak serum F levels of 21.9 , M/L.? Fur- 
thermore, fetal serum F increased to about 
half. the maternal levels. Based on these 
data, it was recommended that the MOF 
dose be. limited. to 15 ml of MOF liquid, 


PN - which - is the. amount necessary to fil a 
: -Cyprane?- inhaler. Nevertheless, great vari- 






— ability exists with respect to MOF biotrans- 
formation, as evidenced by F levels exceed- 
ing 60 „M /L despite this dose restriction. 


Hepatitis has been reported after MOF 
anesthesia, and a recent article* describes 
recurrent liver dysfunction following re- 
peated awake MOF analgesia. Finally, as 
with any potent inhalation drug, uncon- 
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 Sciousness- may occur. Therefore constant 
patient observation is mandatory during 
awake analgesia with either MOF or TCE. 


Patients with potentially “full stomachs” 
would be particularly at risk should drug 
overdose occur. 


The use of any inhalation drug for awake 
analgesia introduces potential hazards. 
These hazards must be considered when 
such therapy is contemplated either in the 
hospital or office setting. Medical. judgment 
becomes a legal consideration only. when 
the indications for a drug or its method of 
administration are not compatible with. its 
potential adverse effects. 3 


Steven R. Young, MD . 

Department of Anesthesia 

Indiana University School of 
Medicine | 

St. Vincent Hospital 

Indianapolis, Indiana 
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/. MORE ON WIRE STYLETS 
- To. the Editor: 








The letters from Drs. Charles J. Restall 

id Morris J. Nicholson! describe shearing 

the plastic coating of copper electrical 

wire used as endotracheal-tube stylets. Their 

. commentaries serve to focus on just one of 

-the many dangers arising from the misap- 
plication of devices for purposes other than 
those for which they were designed. 


It was most unfortunate that during my 
residency, the stylets commonly provided 
for our training were pieces of copper elec- 
trical wire cut to size. The ends were not 
sealed, no stop was employed, and the sty- 
lets were difficult to withdraw from an in- 
serted endotracheal tube. They were not 
_ sterilized, but this did not appear to be an 
important consideration at that time. 






Later, in private practice, the use of one 
hese stylets was implicated in an esopha- 
eal injury, mediastinitis, and mediastinal 
. abscess subsequent to a difficult intubation. 
-The abscess was drained through a cervical 
incision, the patient recovered, and the mal- 
practice suit was settled out of court. 


This experience led me to design and de- 

velop a stylet? with a durable coating hav- 
ing a low coefficient of friction and with a 
versatile stop. It was recommended that 
sharp-edged connectors be avoided in order 
to prevent damage to the stylets. Perhaps 
.a better recommendation would have been 
"to eliminate sharp-edged connectors as a 
z needless hazard. 


— With the widespread use of disposable 
sterile endotracheal tubes, the need for a 
comparable disposable sterile stylet became 
| apparent. "Toward this end, a sterile stylet 


(SLICK™ STYLETTE) is now available, 
adaptable to a wide range of tubes (3.5 to 
10.5 mm) and utilizing a bonded, tougher 
low-friction coating. In contrast to stylets 
with softer plastic coatings, shearing is no 
problem. In our testing of various other 
plastic-coated stylets, repeated usage result- 
ed in a higher incidence of shearing. Hence 
my recommendation for one-time use of a 
sterile stylet with bonded coating in order 
to provide the safest conditions for intubator 
and patient. 

Gerald S. Linder, M.D. 

Division of Anesthesiology 

St. John's Hospital 

Santa Monica, California 
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ANESTHESIA FOR THE SITTING 
POSITION 


To the Editor: 


We read with interest the paper by | . 
Garcia-Bengochea and coworkers! concern- . - 
ing the lateral sitting position for neuro- ^ 
surgery. According to the authors, this posi- - 


tion has advantages over the conventional 
sitting position, since the patient can be 
placed rapidly in the horizontal position in 
the event of arterial hypotension. Other writ- 
ers? have described the left lateral position 
as useful in venting during venous air em- 
bolism, and report that the surgical pro- 
cedure can be completed satisfactorily in 
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Ficure. Modified sitting position, knees at heart 
level. 


this position should problems arise while 
the patient. is sitting. 


We are concerned with the cardiovascular 
responses. of patients being put into this 
exaggerated. sitting position, with dependent 
feet and. legs. We studied cardiovascular 
reactions? in ASA physical status I and II 
patients who. were placed in a 90° sitting 
position (similar to fig 6 of the Ist refer- 
enced article) with thighs, legs and feet 
horizontal with the ground. In this position, 
cardiac index and O, transport decreased 
markedly, with a concomitant increase in 
total peripheral resistance and a slight in- 
crease in mean arterial pressure. 


We were startled to find stroke volumes 
as low as 28 ml in patients whose anesthesia 
record showed a nice straight line! As a 
result of this study, we have changed our 
variation of the sitting position (figure), 
. so that the pertinent angle is slightly more 

than 45? and the knees are slightly flexed 
and at the heart level. In this position, the 
head is flexed so that the chin is resting 3 
cm from the sternum. We believe that this 
position is more physiologic than that de- 
scribed by. ‘Dr.. Garcia-Bengochea. In the 


: s - event of severe hypotension or inability to 
T . deal with. the. problem. of venous air embo- 






p brought d down below heart level by a few 


na turns € the crank to the Trendelenburg 


cubitus or modified a prone position. 





x i tients; sta in the lateral PN. 
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ieee treatment of venous air wenibolian 
involves early. detection (Doppler ultrasonic 
air bubble detector*) ; rapid, correct hemo- 
stasis; aspiration with. a correctly positioned 
right atrial. catheter; reduction of gradient 
from aspirating source to. right heart (jugu- 
lar compression, Valsalva maneuver, in- 
creasing mean intrathoracic pressure, hori- 
zontal head-down tilt). It is important to 
emphasize this because of the high incidence 
of detectable air embolism in. the: sitting E 
position. | | 


In 180 neurosurgical procedures c on the 
posterior fossa, we reported an incidence 
rate of venous air embolism of 25 percent.? 
We have just reviewed our experiences re- 
lated to venous air embolism in the sitting 
position during the past 5 years in 400 pro- 
cedures and find that the incidence rate of 
25 percent is holding firm. 


Maurice S. Albin, M.D., M.Sc. ( Anes.) 

Juei-Ling Chang, M.D. 

Alfred S. Tung, M.D. 

Pavel Maivald, M.D. 

Stanislav Pautler, M.D. 

Neuroanesthesia Service 

Department of Anesthesiology 

University of Pittsburgh School of 
Medicine 

Pittsburgh, Pennsylvania 
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HY POTHERMIA. DURING 
: CY STOSCOPY 


jJ To the Editor: x 


Our observations: corroborate the findings 


As we re are su te the authors will agree, the presented b by ‘Drs. oe and Oh! on 





Correspondence 


 hypothermia. We first became aware of this 
ES conditio when an 8-year-old boy had a 
rate of. 8/min following cysto- 
body temperature was 32.6? C. 
ctal, esophageal, and axillary 
e rectal probe registered 3 
ec: ^ iue of its proximity to 


















duced hypothermia during cystoscopy 
| l| age groups. Other complica- 
(t ons can be seen, such as hypertension, brad- 
* dia, ierra hyperirritability, tran- 


ua be made to monitor 


'à ture—axillary or esophageal— Analg 55:592-593, 1976 - 







and to utilize warm irrigation. solutions di i 
ing cystoscopy. Simple prewarming of the 
fluid can be helpful. In prolonged. proc 
dures, running the irrigation fluid” thro i : 
a hemacoil immersed in warm water is prec Td 
ferable. EE UM 


Alex M. Kwan, MD 

S. N. Albert, MD 

Department. pf. Anesthesiology 

Greater Southeast Communi 
Hospital ; 
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A Guide for Authors 


Anesthesia and Analgesia . . . Current 
Researches invites manuscripts on subjects 
pertinent to the specialty of Anesthesia. 


Send manuscripts and illustrations in 
triplicate to: 


T. H. Seldon, MD, Editor 
Kahler East, Suite C 
Rochester, Minnesota 55901 


Four categories of reports will be consid- 
ered for publication. 


1. Original articles describing clinical or 
laboratory research. 


2. Brief Reports describing new anesthetic 
technies, equipment, clinical, or laboratory 
studies. 


3. Case Reports. 
4. Letters-to-the-Editor. 


EDITORIAL POLICIES 


Peer review.—All papers submitted are 
reviewed by selected referees with respect to 
validity, pertinence, completeness, and orig- 
inality. If accepted for publication, editor- 
ial revisions may be made to aid clarity and 
understanding. Edited copy will be sub- 
mitted to authors for approval before the 
paper goes to the printer. Pageproofs also 
wil be submitted to the authors for final 
approval. Reprint order forms will accom- 
pany pageproofs. 

— Cover letter.—A letter must accompany 


— = each manuscript, stating that the work has 
^^ . mot been simultaneously submitted to an- 
7 other journal or previously published in part 
" ^or whole. The name and address of the 

. author to whom correspondence may be di- 


rected should be given. 


Legal and ethical considerations. —Infor- 
mation or illustrations which might permit 
identification of patients must not be used. 


Reports describing data from experiments 
performed on humans must contain a state- 
ment in the Methods section, when appro- 
priate, that written informed consent and/or 
institutional approval of the investigation 
has been obtained, and that procedures in- 
volving the use of animals was conducted so 
as to minimize discomfort. 


Excerpts from material published else- 
where must be accompanied by written per- 
mission from the author and publisher to 
reproduce the material. 


JOURNAL STYLE 


Fermat.—All portions of the manuscript .. 


should be typewritten and double-spaced, 
including lists of reference citations. Fach 
component of the paper (title page, with 
authors' academic rank and addresses, In- 
troduction, Methods, Results, Discussion, 
References, Legends) should begin on a 
separate page. Original articles must be pre- 
ceded by an Abstract concisely describing 
the purpose, methods, results, and conclu- 
sions. Abstracts should not exceed 1 type- 
written page in length. Brief Reports and 
Case Reports do not require an Abstract, 
but a Summary at the end may be appro- 
priate. 


Original articles should be concise (not 
over 3000 words) and present new informa- 
tion pertinent to anesthesia. Preliminary re- 
ports or fragments of material that may bet- 
ter be included in a single, more detailed, 
report should not be submitted. Brief Re- 
ports describing new equipment or technics 
should present new advances, with advan- 
tages over the alternatives. Descriptions of 


new equipment must be sufficient to permit — 


the reader to either construct or purchase. 
the equipment. Case Reports should empha- 
size important clinical conditions or varia- 
tions in typical patient responses. Letters-to- 
the-Editor must be brief (250-500 words) 
and should offer constructive comments on 
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y published articles or discuss areas 
t interest to anesthesiologists. 


surement untts.—' The metric system 
should be used for all such data as length, 
mass, volume, and temperatures. Torr 
should be used in place of mm Hg for par- 
tial pressures. Authors are encouraged to 
-. adopt the International System of units 
- —. (moles per liter rather than mg percent) for 

2 concentrations or amounts of substances. 
{See Padmore GRA, Nunn JF: SI Units 
‘lation to. anaesthesia. A review of the 
t position. Br J Anaesth 46:236-243, 


















D g names.—-Generic or chemical drug 
are required. Brand names may be 
ed in parentheses after the generic 
e, if pertinent. 


* 





brewers — The first time an abbre- 
on appears it should be preceded by the 
? vord it represents. 





Respiratory symbols.—Symbols for re- 
piratory physiology should be defined the 
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first time used and should follow Pappen- 
heimer J et al: Standardization of defini- 
tions and symbols in respiratory physiology. 
Fed Proc 9:602-605, 1950. 


References. — References should corre- 2 
spond to Index Medicus style and should 
be listed in the same numerical order as 
they appear in the text. Reports that 
not accessible to all readers or that have 
undergone editorial review (ab 
respondence, or personal comi 
should not be included in numeric 
but may be footnoted. They sho 
pertinent addresses as well as s re 
authors’ names. quo eee 









Illustrations.-—Drawings and photographs. 
(unmounted glossy prints). shoul 
bered in order of appearance. 
script and labeled on the back with t 
author’s name and indicate the top ed, 
the picture. | E 






Tables.—These should carry a. ; le oe 
caption and should supplement, not dupli- — 
cate, the text. | 
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There are certain situations where 
the advantages of Ketalar suggest 
its serious consideration. Four such 
hypothetical situations are 

detailed here. 

A fifth hypothetical case illustrates 
a situation in which Ketalar 
probably should be used only 


= with caution. 


SS ment in XO Keta lar 


Parke- Davis 


Geriatric surgical 
procedure 


Ketalar offers advantages in minor 
rectal surgery on elderly patients. 
When properly administered, Ketalar 
usually does not depress the 
patients blood pressure or pulse 
rate, which can be a distinct 
advantage with any patient who is 
likely to develop hypotension. 
Further, emergence reactions 
normally are not a problem with 
patients in the older age group 
(over 65). 


7 anesthes iology ex" (Ketamine HCI injection) 





Brief summary of prescribing information. 


SPECIAL NOTE 


EMERGENCE REACTIONS HAVE OCCURRED 
IN APPROXIMATELY 12% OF PATIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS 
VARY IN SEVERITY BETWEEN PLEASANT, 
DREAMLIKE STATES, VIVID IMAGERY, 
HALLUCINATIONS, AND EMERGENCE 
DELIRIUM. IN SOME CASES, THESE STATES 
HAVE BEEN ACCOMPANIED BY CONFU- 
SION, EXCITEMENT, AND IRRATIONAL 
BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. 


v. THE DURATION ORDINARILY LASTS NO 
MORE THAN A FEW HOURS; IN A FEW 


"GASES, HOWEVER, RECURRENCES HAVE 


-. TAKEN PLACE UP TO 24 HOURS POST- 


ne OPERATIVELY. NO RESIDUAL PSYCHO- 


^. LOGICAL EFFECTS ARE KNOWN TO HAVE 
1; RESULTED FROM USE OF KETALAR. 


THE INCIDENCE OF THESE EMERGENCE 
PHENOMENA IS.LEAST IN THE YOUNG (15 
YEARS OF AGE OR LESS) AND ELDERLY 
(OVER 65 YEARS OF AGE) PATIENT. ALSO, 
THEY ARE LESS FREQUENT WHEN THE 
DRUG IS GIVEN INTRAMUSCULARLY. 


- THESE REACTIONS MAY BE REDUCED IF 
5 . VERBAL, TACTILE, AND VISUAL STIMULA- 
. TION OF THE PATIENT IS MINIMIZED DUR- 
ING THE RECOVERY PERIOD. THIS DOES 
NOT PRECLUDE THE MONITORING OF 
VITAL SIGNS. IN ADDITION, THE USE OF A 
SMALL HYPNOTIC DOSE OF A SHORT- 
ACTING OR ULTRASHORT-ACTING BAR- 
BITURATE MAY BE REQUIRED TO TERMI- 
NATE A SEVERE EMERGENCE REACTION. 
THE INCIDENCE OF EMERGENCE REAC- 


TIONS 1S REDUCED AS EXPERIENCE WITH 


THE DRUG IS GAINED. 
WHEN KETALAR IS USED ON AN OUT- 


(o> PATIENT BASIS, THE PATIENT SHOULD 


NOT BE RELEASED UNTIL RECOVERY. 
FROM ANESTHESIA IS. COMPLETE AND | 
THEN SHOULD BE ACCOMPANIED BY A : 
RESPONSIBLE ADULT. 


INDICATIONS 


Ketalar (ketamine HCI injection) is 
recommended: 


1. as the sole anesthetic agent for diagnostic 
and surgical procedures that do not require 
skeletal muscie relaxation. Ketalar is best 
suited for short procedures but it can be 
used, with additional doses, for longer 
procedures; 


2. for the induction of anesthesia prior to 
the administration of other general 
anesthetic agents; 


3. to suppiement low-potency agents, such 
as nitrous oxide, 


CONTRAINDICATIONS 

Ketamine hydrochloride is contraindicated 
in those in whom a significant elevation of 
blood pressure would constitute a serious 
hazard and those who have shown hyper- 
sensitivity to the drug. 


WARNINGS 


1. Ketalar should be used by or under the 
direction of physicians experienced in ad- 
ministering general anesthetics and in main- 
tenance of an airway and in the control! of 
respiration. 


2. Cardiac function should be continually 
monitored during the procedure in patients 
found to have hypertension or cardiac 
decompensation. 


3. Barbiturates and Ketalar, being chemically 
incompatible because of precipitate forma- 
tion, should not be injected from the same 
syringe. 

4. Prolonged recovery time may occur if 
barbiturates and/ or narcotics are used 
concurrently with Ketalar. 

5. Postoperative confusional states may 
occur during the recovery period, 

8. Respiratory depression may occur with 
overdosage or too rapid a rate of administra- 
tion of Ketalar, in which case supportive 


ventilation should be employed, Mechanical . 





Severely burned 
patients 


Patients with severe burns —and 
particularly children —are often 
excellent cases for Ketalar. In 
children, Ketalar offers rapid surgical 
anesthesia (generally within three to 
four minutes) at a range of 9 to 

13 mg/kg, with the effect lasting from 
12to 25 minutes (the time intervals 
are for IM, not IV). Intramuscular 
administration avoids the possible 
difficulty in locating the vein in burn 
patients (particularly helpful in 
children where the veins are small). 
IM administration is also convenient 
and effective for repeated short-term. 
anesthesia for such procedures as 
changing burn dressings, and skin 
grafts. 


support of respiration is preferred to 
administration of analeptics. 


Usage in Pregnancy 
Since the safe use in pregnancy, including 
Obstetrics (either vaginal or abdominal 


delivery), has not been established, such 
use is not recommended, 


PRECAUTIONS 


1. Because pharyngeal and laryngeal reflexes 
are usually active, Ketalar (ketamine HCI 
injection) should not be used alone in surgery 
or diagnostic procedures of the pharynx, lar- 
ynx, or bronchial tree. Mechanical stimulation 
of the pharynx should be avoided, whenever 
possible, if Ketalar is used alone. Muscle 
relaxants, with proper attention to respiration, 
may be required in both of these instances. — 


2. Resuscitative equipment should be ready 
for use. 


3. The incidence of emergence reactions 


may be reduced if verbal and tactile stimula- 


tion of the patientis minimized during the ^ 
recovery period. This does not preclude the 
monitoring of vital signs (see Special Note). 


4. The intravenous dose should be adminis- 
tered over a period of 60 seconds. More rapid 
administration may resuit in respiratory de- 
pression or apnea and enhanced pressor 
response. 


5. in surgical procedures involving visceral 
pain pathways, Ketalar should be supple- 
mented with an agent which obtunds 
visceral pain. 


6. Use with caution in the chronic alcoholic 
and the acutely. alcohol-intoxicated patient. 


7. An increase in cerebrospinal: fluid pressure 
has been reported following administration 
of ketamine hydrochtoride. Use with extreme 
caution. in patients with: preanesthetic 
elevated cerebrospinal: fluid pressure. 


ADVERSE REACTIONS 

Cardiovascular: Blood pressure and pulse 
rate are frequently elevated following admin- 
_ istration. of Ketalar, However, hypotension 


(ketamine HCI inj) .. . and a caution 





Manipulative 
diagnostic procedure 


Ketalar facilitates diagnostic 
p in Md the p must 





enr Roos and 
imal relaxation of the 





Emergency room 
treatment 


A good case for Ketalar can be made 
for use in accident victims with 
unknown medical histories brought 
to the emergency room. In the 
absence of positive medical history, 
Ketalar can be a useful agent 
because of its wide margin of safety. 
Consideration should be given to 
the effects of a significant increase 
in blood pressure, hypersensitivity 
to the drug, and an elevation in 
cerebrospinal fluid pressure. Ketalar 
also provides the benefit of rapid 
onset, and decreases the chance of 
aspiration because of active laryn- 
geal-pharyngeal reflexes. 


A caution: "M 
Caution should be exercised when- 
administering Ketalar to patients 
who are known to be alcoholics | 
who are acutely alcohol-intoxicated 
as such patients may be. pro eto. 
untoward reactions. - 2E 















and bradycardia have been observed. 
Arrhythmia has also occurred. 
Respiration: Although respiration is fre- 
quently stimulated, severe depression of 
respiration or apnea may occur following 
rapid intravenous administration of high 
-doses of Ketaler (ketamine HC! injection). 
3 Laryngospasms and other forms of airway 
_ obstruction have occurred during Ketalar 
a) anesthesia. 
LE liplopia and nystagmus have been 
lowing Ketalar administration. It 
cause a slight elevation in intra- 
ssute measurement. 


ological: (See Special Note). 


gical: in some patients, enhanced 
muscle tone may be manifested by 
and. vds movements sometimes 












ocal pain: aad exanthienid at the 
ction site have infrequently been re- 
ported. Transient erythema and/ or morbilli- 
. form rash have also been reported. 


‘DOSAGE AND ADMINISTRATION 

_ Preoperative Preparations: 

m e vomiting has been reported following 
stala administration, airway protection is 

; orded. because of active laryngeal- 
eal reflexes. However, since these 
ay also be diminished by supple- 
sthetics or muscle relaxants, the 
ation must be considered. 
ended for use in tha 
omach is not empty when, in 
the practitioner, the benefits 
eigh the possible risks. 
yolamine, or other drying | 
given at an. tie toad 
nduction. Ed l 


















Dosage 

As with other general anesthetic agents, the 
individual response to Ketalar (ketamine HCI 
injection) is somewhat varied depending on 
the dose, route of administration, and age of 
patient, so that dosage recommendation 
cannot be absolutely fixed. The drug should 
be titrated against the patient's requirements. 


Onset and Duration: 


Because of rapid induction following the 
initial intravenous injection, the patient 
should be in a supported position during 
administration. 


The onset of action of Ketalar (ketamine HCI 
injection) is rapid; an intravenous dose of 2 
mg/kg (1 mg/Ib) of body weight usually 
produces surgical anesthesia within 30 
seconds after injection, with the anesthetic 
effect usually lasting five to ten minutes. Ifa 
longer effect is desired, additional increments 
can be administered intravenously or 
intramuscularly to maintain anesthesia with- 
out producing significant cumulative effects. 


intramuscular doses, from experience pri- 
marily in children, in a range of 9 to 13 mg/kg 
(4 to 6 mg/ib) usually produce surgical 
anesthesia within three to four minutes 
following injection, with the anesthetic effect 
usually lasting 12 to 25 minutes. 


induction: 


intravenous Route: The initial dose of Ketalar 
administeréd intravenousiy may range from 
t mg/kg to 4.5 mg/kg (0.5 to 2 mg/Ib). The 
average amount required to produce five to 
ten minutes of surgical anesthesia has been 
2 mg/kg (1 mg/ ib). 

NOTE: The 100 mg/ml concentration 

(S-V 1585) of Ketalar, should not be injected 
intravenously without proper dilution. It is 
recommended the drug be diluted with an 
equai volume of either Sterile Water for 
Injection, USP, Normal Saline, or 596 
Dextrose in Water. 

Rate of Administration: t is recommended 
that Ketalar be administered slowly (over a 
period of 60 seconds). More rapid adminis- 













tration may result in respiratory. depressi noe. 

and enhanced pressor response... 
intramuscular Route: The initial dos 
Ketalar administered. intramuscularly ma 
range from 6.5 to 13. mg/kg (3 to 6 mg/ 
A dose of 10 mg/kg (5 mg/Ib) will: usui 
produce 12 to 25 minutes of surgio! 
anesthesia. 


Maintenance of Anesthesia: E 
increments of one half to the tult ind iion 
dose may be repeated as needed for maint 
nance of anesthesia. However, it should. be 
noted that purposeless and tonic-clo Hc 
movements of extremities may occur during. 
the course of anesthesia. These movements 
do not imply a light plane and are not indiens: 
tive of the need for additional doses: of the: 
anesthetic. 

it should be recognized that the larger the . n 
total dose of Ketalar {ketamine HC} injection) um 
administered, the longer will be the time de- ern 
complete recovery. iad 
Supplementary Agents: 

Ketalar is clinically compatible with ihe: x 
commonly used general and local anesthetic 
agents when an adequate respiratory. - 

exchange is maintained. 

HOW SUPPLIED 

Ketalar is supplied as the hydrochloride in 
concentrations equivalent to ketamine base. 

N 0071-4581-15-—Each 50-mi vial contains 

10 mg/ml. Supplied in cartons of 10. 

N 0071-4581-12—Each 20-mi vial contains 

10 mg/mi. Supplied in cartons of 10. . 

N 0071-4582-10—Each 10-mi vial contains P 

50 mg/ml. Supplied in cartons of 10. 

N 0071-4585-08—Each 5-mi vial containg - : 
100 mg/ml. Supplied in cartone ofi10. . se 


PARKE-DAVIS - 


PARKE. DAVIS & COMPANY 
PD-JA-1839-2-P (8-76) Detroit Michigan 48232 






























In more than 8 years of 
use in the U.S., 


no liver or kidney toxicity 
has been reported, even 
after repeated 
exposures. 


INNOVAR injection 
makes it possible to avoid 
he use of halogenated 
or to reduce the dosa 
general anesthetic. 











For information relating to Contraindications, 
Warnings, Precautions and Adverse Reactions, 
please turn following page. 





INNOVAR® injection is available for use only 
upon direction of a physician. 








O INNOVAR injection as part of a technique 
of balanced anesthesia helps maintain good 
cardiovascular stability — of special value in 
protracted procedures and in geriatric, 
poor-risk and markedly debilitated patients. 
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O INNOVAR injection 
can facilitate management 
in a variety of surgical and 
diagnostic situations, such 

] as "awake" endotracheal 
ml. intubation. ..when patient 
cooperation during the 


ied procedure is necessary... 
ies tor when a difficult position 
MÁS must be maintained. 

For dosage and / — à 


A mainstay of modern anesthesia 
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The two components of INNOVAR injection, fentanyl and droperidol, have 
different pharmacologic actions. Before administering INNOVAR injection, 


the user should familiarize himself with the special properties of each drug, 
particularly the widely differing durations of action. 





INDICATIONS INNOVAR injection is indicated to produce tranquilization and 
analgesia for surgical and diagnostic procedures. It may be used as an anes- 
thetic premedication, for the induction of anesthesia, and as an adjunct in the 
maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE® fentanyl injection alone, rather than the 
combination drug INNOVAR injection, should usually be used; see Dosage and 
Administration Section. 

CONTRAINDICATIONS INNOVAR injection is contraindicated in patients with 
known intolerance to either component. 

WARNINGS AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE 
RECEIVED INNOVAR INJECTION SHOULD HAVE APPROPRIATE SURVEIL- 
LANCE 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE 
READILY AVAILABLE TO MANAGE APNEA. 

See also discussion of narcotic antagonists in PRECAUTIONS and OVERDOS- 
AGE. 

FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPOTENSION 
SHOULD ALSO BE AVAILABLE. 

The respiratory depressant effect of narcotics persists longer than the measured 
analgesic effect. When used with INNOVAR injection, the total dose of all 
narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, be used in reduced doses jini- 
tially, as low as 1/4 to 1/3 those usually recommended. 

INNOVAR injection may cause muscle rigidity, particularly involving the mus- 
cles of respiration. This effect is due to the fentanyl component and is related to 
the speed of injection. Its incidence can be reduced by the use of slow intrave- 
nous injection. Once the effect occurs, it is managed by the use of assisted or 
controlled respiration and, if necessary, by a neuromuscular blocking agent 
compatible with the patient's condition. 

Drug Dependence: Fentanyl, the narcotic analgesic component, can produce 
drug dependence of the morphine type and therefore has the potentialfor being 
abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported 
with narcotic analgesics. Since the safety of fentanyl in this regard has not been 
established, the use of INNOVAR injection or SUBLIMAZE (fentanyl) in patients 
who have received MAO inhibitors within 14 days is not recommended. 
Head Injuries and Increased Intracranial Pressure: INNOVAR injection 
should be used with caution in patients who may be particularly susceptible to 
respiratory depression such as comatose patients who have a head injury or 
brain tumor. In addition, INNOVAR injection may obscure the clinical course of 
patients with head injury. 

Usage in Children: The safety of INNOVAR injection in children younger than 
two years of age has not been established. 

Usage in Pregnancy: The safe use of INNOVAR injection has not been estab- 
lished with respect to possible adverse effects upon fetal development. There- 
fore, it should be used in women of childbearing potential only when, in the 
judgment of the physician, the potential benefits outweigh the possible hazards. 
There are insufficient data regarding placental transfer and fetal effects; there- 
fore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS The initial dose of INNOVAR injection should be appropriately 
reduced in elderly, debilitated and other poor-risk patients. The effect of the 
initial dose should be considered in determining incremental doses. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves, and 
can cause peripheral vasodilatation and hypotension because of sympathetic 
blockade. Through other mechanisms (see Actions), fentany! and droperidol 
also depress respiration and blood pressure. Therefore, when INNOVAR injec- 
tion is used to supplement these forms of anesthesia, the anesthetist must be 
familiar with the physiological alterations involved, and be prepared to manage 
them in the patients selected for this form of anesthesia. 

If hypotension occurs, the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fluid therapy. Repositioning the patient to 


INNOVAR ( 


INNOVAR injection* 


j loi, 
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improve venous return to the heart should be considered when operative condi- 
tions permit. It should be noted that in spinal and peridural anesthesia, tilting the 
patient into a head-down position may result in a higher level of anesthesia than 
is desirable, as well as impair venous return to the heart. Care should be 
exercised in the moving and positioning of patients because of a possibility of 
orthostatic hypotension. If volume expansion with fluids plus these other coun- 
termeasures do not correct the hypotension, then the administration of pressor 
agents other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with INNOVAR 
injection due to the alpha-adrenergic blocking action of droperidol. 

The droperidol component of INNOVAR injection may decrease pulmonary 
arterial pressure. This fact should be considered by those who conduct diag- 
nostic or surgical procedures where interpretation of pulmonary arterial pres- 
sure measurements might determine final management of the patient. 

Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE (fentanyl), should be used with caution in 
patients with chronic obstructive pulmonary disease, patients with decreased 
respiratory reserve, and others with potentially compromised ventilation. In 
such patients narcotics may additionally decrease respiratory drive and in- 
crease airway resistance. During anesthesia this can be managed by assisted 
or controlled respiration. Postoperative respiratory depression caused by nar- 
cotic analgesics can be reversed by narcotic antagonists. Appropriate surveil- 
lance should be maintained because the duration of respiratory depression of 
doses of fentanyl (as SUBLIMAZE (fentanyl) or INNOVAR) employed during 
anesthesia may be longer than the duration of the narcotic antagonist action. 
Consult individual prescribing information (levallorphan, nalorphine and 
naloxone) before employing narcotic antagonists. 


Should respiration be compromised by muscle rigidity, assisted or controlled 
respiration and possibly a neuromuscular blocking agent will be required. The 
occurrence of muscle rigidity is related to the speed of intravenous injection and 
the incidence can be reduced by slow intravenous injection. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) have additive or potentiating effects with INNOVAR injec- 
tion. When patients have received such drugs, the dose of INNOVAR injection 
required will be less than usual. Likewise, following the administration of IN- 
NOVAR injection, the dose of other CNS depressant drugs should be reduced. 

INNOVAR injection should be administered with caution to patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 

The fentanyl component may produce bradycardia, which may be treated with 
atropine; however, INNOVAR injection should be used with caution in patients 
with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring, it may be found thatthe EEG 
pattern returns to normal slowly. 

ADVERSE REACTIONS The most common serious adverse reactions reported 
to occur with INNOVAR injection are respiratory depression, apnea, muscular 
rigidity, and hypotension; if these remain untreated, respiratory arrest, circula- 
tory depression or cardiac arrest could occur. 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed following administration of INNOVAR injection. Restlessness, 
hyperactivity and anxiety which can be either the result of inadequate tranquil- 
ization or part of the symptom complex of akathisia may occur. When ex- 
trapyramidal symptoms occur, they can usually be controlled with anti- 
Parkinson agents. 

Elevated blood pressure, with and without preexisting hypertension, has been 
reported following administration of INNOVAR injection. This might be due to 
unexplained alterations of sympathetic activity following large doses; however, 
it is also frequently attributed to anesthetic or surgical stimulation during light 
anesthesia. 

Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, twitching, blurred vision, laryngospasm, bronchospasm, bradycar- 
dia, tachycardia, nausea and emesis, diaphoresis, emergence delirium and 
postoperative hallucinatory episodes (sometimes associatec with transient 
periods of mental depression). 

Postoperative drowsiness is also frequently reported. 
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McNeil Laboratories, Inc. 
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Pat. Pend 


ALL NEW 
AND NOW 
AVAILABLE ... 


THE 

BERMAN Il 

INTUBATING/PHARYNGEAL 
AIRWAY 


e Newly designed ... “hinged” T. 
e Can be used as any pharyngeal airway 


e 3 SIZES: LARGE (Adult)................. 100mm 
Eza t A een 90mm 
ERIUB S EDI 80mm 


e A widened anterior posterior diameter allows for more space between tongue 
and pharynx providing a better airway 


e The laryngoscopic tip on the anterior wall of this airway fits into the vullecula and 
exerts forward pull on the tongue 


e Airway is ideal for passing tubes into the esophagus and larynx 
e Airway may be easily removed from intubating tube 


Imp Rime eu. MR fea e The unusual design of this airway allows it to be 
(nef PPS ii. | Opened longitudinally and set aside in the mouth 
I 


r*-~ while endotracheal tube remains in place 


e Fiber optic bronchoscope and gastroscope can be passed 
through this airway and protected against teeth of patient 






e Recommendation for blind intubation technique available on request 

e This airway is especially useful in cardio pulmonary resuscitation 

= e Paramedics can be readily trained to use it safely 

e Most useful in difficult intubations . . . especially where larynx cannot be vis- 
ualized . . . with topical anesthesia can be used in awake intubations 


MAIL COUPON ron SAMPLE SET OF 3 SIZES 


EMERGENCY KIT CORP., Dept. 812 
1841 Broadway, New York, N.Y. 10023 
Send me one sample set of Berman Il 


Intubating/Pharyngeal Airways in 3 sizes. 
Enclosed is check for $3.00 for post paid shipment. 


A QUALITY PRODUCT OF 


EMERGENCY 


KIT Co 


1841 BROADWAY, 
NEW YORK, N.Y. 10023 





Dr. (please print) 





Address 








City State Zip 








Hospital affiliation Pers 
Money will be refunded if you are not satisfied. 
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NARCOTIC 4 
ANESTHESIA 


e Despite many advantages, the 
á use of opioids to supplement 
% nitrous oxide anesthesia may 
Š be associated with significant 
postoperative depression. 


NARCAN® 
(naloxone HCI) 


e Narcan® in sufficient doses will 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


e The degree of narcotic 
antagonism exhibited by 
NARCAN® is dose dependent. 


A recent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depression 
and maintain a subjective 
level of analgesia. 


THE OBJECTIVES: 


e Restore consciousness 


e Reverse narcotic-induced 
respiratory depression as 
evidenced by PaCOs 4 


e Maintain subjective analgesia 


THE METHOD: 


e 12 unpremedicated patients 
received INNOVAR® (fentanyl/ 
droperidol) 5-10 ml I.V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with N20-Oz. 
Increments of 0.1 mg fentanyl 
were given |.V. every 10 
minutes during surgery. 


Following the procedure, 
naloxone (0.1 mg/ml) was 
given in 0.1 mg I.V. increments, 
at 1 minute intervals until the 
patient was awake, lucid and 
had adequate tidal and minute 
volumes. Additional naloxone 
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was given I. V. as needed in the 
first 6 patients; a second 
group of 6 patients received 
supplemental naloxone I.M. 
30 minutes after the inital 

I. V. dose. 

' 11 patients received 10 mg 
morphine |. M., as well as seco- 
barbital and atropine, 11^ hours 
oreoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly I. V. followed by 
thiopental and was maintained 
by N20-02. Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 

first hour. Further morphine 

“was given as needed. For 
initial narcotic reversal, 
“naloxone was given as above 
except at 2 minute intervals. 
Supplemental naloxone was 

: given I.M. 30 minutes later. 


THE RESULTS 
(fentanyl group): 

» When fentanyl was used as the 
sole narcotic supplement 
during anesthesia, an I. M. dose 
of naloxone equal to half the 
ILV. reversal dose and given % 
hour later provided adequate 
narcotic reversal. 


-o ARTERIAL CARBON DIOXIDE TENSIONS 
_ (MEANS © SEI OF PATIENTS RECEIVING 
Lo INTRAVENOUS AND INTRAMUSCULAR 

^ NALOXONE TO ANTAGONIZE FENTANYL 
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ARTERIAL CARBON DIOXIDE 50 
TENSION (TORR) © o s 
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Contes 23G 


TIME (MINUTES! FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


Fig. 1. Control and postoperative PaCOs in 6 patients 
receiving EV. and LM. naloxone following lertary! 
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THE RESULTS 
(morphine group): 
"After other narcotics, such as 
morphine, an I. M. dose of 
naloxone equal to the I. V. dose 
appears appropriate" 


ARTERIAL CARBON DIOXIDE 


Fig. 2. Control and posteper 


TENSION (TORR) 


ARTERIAL CARBON DIOXIDE TENSIONS 
[MEANS t SE} OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 


NALOXONE TO ANTAGONIZE MORPHINE 
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TIME (MINUTES! FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 





‘ated: PaCOs in 11 patients 


receiving i V andi M meloxone following morphine. 


THE CONCLUSIONS: 


"Naloxone provides fast, 


potent. and reliable antagonism 
to narcotic-induced respiratory 


depression. 


"By careful titration, this antag- 
onism can be achieved while 
acceptable analgesia IS 
maintained: 


"Both morphine and fentanyl 
groups had adequate anal- 

gesia, with only 2 patients | of 
total 21] requiring pain medi- 
cation in the recovery room: 


e reverses all degrees of 


* does not cause narcotic-like i : 


e acts rapidly —generally withi 





e can be repeated if initial dose 5 
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narcotic-induced respiratory — 
depression m 





effects 


* does not augment non- 


narcotic depression 






2 minutes following I.V. use 
and slightly less rapidly when | 
given I. M. 


e does not lead to tolerance E 


e does not produce psychotc 
mimetic effects or pupillary ; 
constriction — : 









doesn't produce desired 

degree of narcotic reversal 
and improvement in respi ra- : 
tory function 





° following satisfactory re- 


sponse patient should be 
observed closely and given _ 
repeat doses, if necessary, .. 
since the duration of action o | 
some narcotics may exceed. E 
that of NARCAN” F 













Please see next page a com- "o 
plete prescribi Ing informati OL 
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. Current Researches 


ANESTHESIA and ANALGESIA . . 


can reverse narcofic-induced respiratory depression 
while maintaining subjective analgesia 









~ DESCRIPTION NARCAN® (naloxone hydrochloride), a narcotic antagonist, is a synthetic congener 
tof oxymorphone. in structure it differs from oxymorphone in that the methyl group on the nitrogen 
zi “atom is replaced by an allyl group. 










CH. CH ZH, 
N 


CI 


NALOXONE HYDROCHLORIDE 
{N-allyl-nor-oxymorphone HC) 


Naloxone hydrochloride occurs as slightly off-white crystals, and is soluble in water, slightly solu- 
ble in alcohol and practically insoluble in ether. 

: NARCAN® {naloxone hydrochloride) injection is available in two concentrations, 0.02 mg and 0.4 
- mg of naloxone hydrochloride per ml. Each mi of either strength contains 8.6 mg of sodium chlo- 
<: nide; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 9 to 1. pH is 
<: adjusted with hydrochloric acid. 


= ACTIONS. NARCAN® (naloxone hydrochloride) | is an essentially pure narcotic antagonist. i.e., it 
“does not possess the “agonistic” or morphine-like properties characteristic of other narcotic 
“antagonists, NARCAN® {naloxone hydrochloride) does not produce respiratory depression, psycho- 
<. tomimetic effects or pupillary constriction. [n the absence of narcotics or agonistic effects of 

= ether narcotic antagonists it exhibits essentially no pharmacologic activity. 


= JA the presence of physical dependence on narcotics NARCAN® (naloxone hydrochloride) will 
produce withdrawal symptoms: it has not been shown ta produce tolerance nor to cause physical 
oo. psychological dependence. 


E When NARCAN* (naloxone hydrochloride) is administered intravenously the onset of action is gen- 



















veda dis a more ied iut effect than intravenous administration, The requirement for 
repeat doses of NARCAN®™ (naloxone hydrochloride), however, will also be dependent upon the 
unt type and route of administration of the narcotic being antagonized. 

INDICATIONS NARCAN® (naloxone: hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory deptession, induced by natural and synthetic narcot- 
ics, propoxyphiene and the narcotic-antagonist. analgesic pentazocine. 

NARCAN ANT "^ (naloxone hydrochloride) i is akso indicated for the diagnosis of suspected acute oplate 


INTRAINDICATIONS NARCAN* (nalne hydrochloride is contraindicated in patients known ta 

persensitive to it. 

IRS NARCAN® (naloxone hydrochloride) should be administered cautiously to persons 

“including newborns of mothers who are known or suspected to be physically dependent on 

x; Upioids. In. such cases an abrupt and complete. reversal of narcotic effects may precipitate an 

acute abstinence syndrome... . 

< The patient who has satisfactorily rëshondèd. to NARCAN® (naloxone hydrochloride) should be kept 

^. under continued surveillance and repeated doses ‘of NARCAN® (naloxone hydrochloride? should be 

;. administered, as necessary, since the duration of action of some narcotics may exceed that of 

: NARCAN* (naloxone hydrochloride). 

= NARCAN® (naloxone hydrochloride) is not effective against respiratory depression due to non- 

< opieid drugs. 

< Usagei in Pregnancy Safe use ot NARCAN® nalonone hydrochloride) during pregnancy {other than 
ablished. Animal reproduction studies have not demonstrated teratogenic 

jt (See A MAL PHARMACOLOGY AND TOXICOLOGY). However, NARCAN® 























as main Ma ari 
ts should: be available and cius When necessary in counteract acute narcotic poisoning. 
an isolated report two patients with pe : visting ventricular irritability r renuiing lidocaine, and 





(naloxone 


either isoproterenol or epinephrine for hypotension following cardiopulmonary bypass procedures, 
developed ventricular tachycardia or fibrillation when given NARCAN® (naloxene hydrochloride) 
LV. at Gand 14 hours, respectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN® (naloxone hydrochloride) 
should be used with caution in patients with cardiac irritability. 

ADVERSE REACTIONS in rare instances nausea and vomiting have been reported in postoperative 
patients receiving NARCAN* (naloxone hydrochloride) in doses higher than that recommended, a 
cause and effect relationship has not been established. 


DOSAGE AND ADMINISTRATION NARCAN® (naloxone hydrochloride) may be administered intraven- 
ously, intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency situations. 


Since the duration of action of some narcotics may exceed that of NARCAN® (naloxone hydrochlo- 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN* 
{naloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose — Known or Suspected The usual initia! adult dose is 6.4 
mg (i mi} NARCAN® (naloxone hydrochloride) administered LV., LM. or S. C. If the desired degree 
of counteraction and improvement in respiratory function is not obtained immediately following 
LV. administration, it may be repeated intravenously at 2 to 3 minute intervals. Failure to obtain 
significant improvement after 2 ar 3 doses suggests that the condition may be due partly or com- 
pletely to other disease processes or non-opioid drugs. 


Post Operative Narcotic Depression For the partial reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN® (natoxone hydrochloride) are usually 
sufficient. The dose of NARCAN* (naloxone hydrochloride} should be titrated according to the 
patient's response. Excessive dosage of NARCAN® (naloxone hydrochloride} may result in signifi- 
cant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
induce nausea, vomiting, sweating or tachycardia. 

For the initial reversal of respiratory depression, NARCAN* (naloxone hydrochloride) should he 
injected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
eie degree of reversal Le., adequate ventilation and alertness without significant pain ar dis- 
comfort. 

Repeat doses of NARCAN* (naloxone hydrochloride) may be required within one to two hour inter- 
vals depending upon the amount. type (i.e., short or long acting) and time interval since last 
administration of narcotic. Supplemental intramuscular doses have been shown to produce a 
ionger fasting effect. 

USAGE IN CHILDREN Narcotic Overdose —Known or Suspected The usual initia: child dose is 
0,0] mg/kg body weight given LV., LM. or S.C. This dose may be repeated in accerdance with the 
adult administration guideline. tf necessary, NARCAN* (naloxone hydrochloride) can be diluted 
with sterile water for Injection. 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered LV., LM. or S.C. This dose may be repeated in accordance with adult 
administration guidelines. 

HOW SUPPLIED 0.4 mg/ml of NARCAN® {naloxone Toe) for intravenous, intramuscular 
and subcutaneous administration. 


Available in 1 mi ampuls in boxes of 10 and 100. 

0.02 mg mi of NARCAN® (naloxone hydrochloride) NEONATAL INJECT oN for intravenous, intra- 
muscular and subcutaneous administration. 

Available in 2 ml ampuls in boxes of 10 and 100 ampuls. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY in the mouse and rat the intravenous LDsois 150 «5 
mg/kg and 109 +4 mg/kg respectively. in acute subcutaneous toxicity studies in newborn rats 
the LOso (95% CL) is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effects 
were seen at 10 mg/kg/day for 3 weeks. 

Reproductive studies including fertility, general reproductive performance, embryotoxicity, tera- 
togenicity, and lactation did not show any abnormality in mice and rats at 10 mg/kg/day. 
NARCAN* (naloxone. hydrochioride) Ampuls 

Stocked in Military Depot, NSN.6505-00-079-7867 - 


€ndo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garde |, N.Y:11530 - 
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Local Anesthetics 


MECHANISMS OF ACTION AND CLINICAL USE 

By BENJAMIN G. COVINO, Ph.D., M.D. and HELEN G. VASSALLO, Ph.D. 
A "Scientific Basis of Clinical Anesthesia" Monograph 

RICHARD J. KITZ, M.D. and MYRON B. LAVER, M.D.,Series Editors 


CONTENTS: 

Chemical Aspects of Local Anesthetic Agents 

Pharmacodynamic Aspects of Local Anesthetic Agents 

Preclinical Aspects of Local Anesthesia 

Clinical Aspects of Local Anesthesia 

Pharmacokinetic Aspects of Local Anesthetic Agents 

General Pharmacological and Toxicological Aspects of Local 
Anesthetic Agents 

1976, 192 pp., 97 illus., $13.50/£9.60 ISBN: 0-8089-0918-5 


Anesthesia and the Kidney 


By R. DENNIS BASTRON, M.D. and STANLEY DEUTSCH, Ph.D., M.D. 
A "Scientific Basis of Clinical Anesthesia" Monograph 
RICHARD J. KITZ, M.D. and MYRON B. LAVER, M.D., Series Editors 


CONTENTS: 

Review of Renal Physiology 

Clinical Evaluation of Renal Function 

Renal Effects of Anesthesia 

Nephrotoxicity of Anesthetics 

Peri-Operative Events and Renal Function 
Acute Renal Failure 

Anesthesia for the Functionally Anephric Patient 
Anesthesia, Operation and Diuretics 

1976, 128 pp., $11.00/£7.80 ISBN: 0-8089-0974-6 


Send payment with order and save postage plus 50€ handling charge. 
Prices are subject to change without notice. 


GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 

24-28 OVAL ROAD, LONDON NW1 7DX 

Please send me the following: 


— — —copies, Covino et al.: Local Anesthetics 
copies, Bastron/Deutsch: Anesthesia and the Kidney 


Check enclosed Bill me 











NAME 
ADDRESS 


CITY/STATE/ZIP 
New York residents please add sales tax. 
Direct all orders to Mr. Paul Negri, Media Dept. A&ACR/2/77 
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T protection for the newborn. 


‘ time for the physician 
A A single epidural injection may provide 
“3% hours of anesthesia.? When necessary, doses 
- .. May be repeated up to once every three hours. 
^: Until further experience is gained, total daily 

-.." dose of 400 mg. should not be exceeded. Cau- 

^ tion is advised in the administration of repeat 
doses to patients with severe liver disease. 


More pain-free time for the patient 


Marcaine makes possible greater coopera- 

tion from the patient during labor and delivery. 
It has been found that when the retention of 
voluntary motor function is desired, the 14 96 
concentration of Marcaine should be used. 
While complete sensory anesthesia can be 

. A achieved, the patient is usually left with suffi- 

- —. gient motor function to permit voluntary 
E movement and cooperation. 


gar scores of 7 or higher 


p In 97.2% of 787 obstetrical deliveries 
=: using Marcaine, the Apgar score was 7 or 
— higher.4 Fetal bradycardia, of undetermined 
origin, was observed in only two cases, and 
lasted 6 and 40 minutes, respectively. 








.. Brand of 











he longest-acting local 
yr you and your patients 


e Marcaine i is the longest-acting local anesthetic in 
eoon surgical use. With a longer duration of anesthesia. 
And clinical documentation with epidurals of significant 


Because Marcaine is 90% to 96% protein 
bound,?$ in contrast to lidocaine and mepiva- 
caine which have been reported to average 
70% protein binding,? the fetus is better pro- 
tected against transplacental passage of this 
anesthetic during epidural block. 5? This may 
account for the remarkably low incidence of 
neurobehavioral depression in the newborn 


recently reported by one group of prominent _ E 
investigators!2.° using Marcaine, They noted. >. 


a relative absence'75 of the impairment of - 
neonatal reflexes previously seen during the 
first 8 hours of life after lidocaine and Pepi: i 
caine epidurals.§ | 
Despite its wide safety margin, when 
adverse reactions to Marcaine do occur they 
are characteristic of those observed with the 


entire class of amide local anesthetics. As with 


any local anesthetic, inadvertent intravascular 
injection may result in general convulsions... 


Marcaine is not recommended in paracervical. UE 
block. Safe use in pregnant women other than = ~> 


those in labor has not been established. 


See important product information concerning 
warnings, adverse reactions, patient selection, and - 
prescribing and precautionary recommendations 
on next page. 
























MARCAINE? Hydrochloride 
Brand of bupivacaine hydrochloride 






Indications: Peripheral nerve block, infil- 
. tration, sympathetic block, caudal, or epi- 
dural block. 
< Contraindication: Marcaine is contraindi- 
i- cated in patients with known hypersensi- 
tivity to it. 
Warnings: RESUSCITATIVE EQUIP- 
MENT AND DRUGS SHOULD BE 
READILY AVAILABLE WHEN ANY 
LOCAL ANESTHETIC IS USED. 
Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits 
and there is no evidence of harm to the 
animal fetus. The relevance to the human 
is not known. Safe use in pregnant women 
>». Other than those in labor has not been 
v established. 
-* Until further clinical experience is gained, 
^  paracervical block with Marcaine is not 
=o recommended. Fetal bradycardia fre- 
' quently follows paracervical block with 
. some amide-type local anesthetics and 
may be associated with fetal acidosis. 
Added risk appears to be present in pre- 
‘maturity, toxemia of pregnancy, and fetal 
distress. 
The obstetrician is warned that severe per- 
sistent hypertension may occur after ad- 
ministration of certain oxytocic drugs, if 
vasopressors have already been used dur- 
ing labor (e.g., in the local anesthetic solu- 
tion or to correct hypotension). 
Solutions containing a vasoconstrictor, 
‘particularly epinephrine or norepineph- 
rine, should be used with extreme caution 
in patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 
Local anesthetics which contain preserva- 
-= tives, Le., those supplied in multiple dose 
_ vials, should not be used for caudal or epi- 
` dural anesthesia. cum 
^. Until further experience is gained in chil- 
5. dren younger than 12 yéars, administra- 
- tion of Marcaine in this age group is not 
recommended. ae 
‘Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage, correct technique, adequate pre- 
-cautions, and readiness for emergencies. 
The lowest dosage that gives effective 
anestbesia should be used in order to avoid 
‘high plasma levels and serious systemic 
side effects. Injection of repeated doses of 
-Marcaine may cause significant increase 
in blood levels with each additional dose, 











































: due to accumulation of the drug or its 
‘metabolites or due to slow metabolic 
degradation. Tolerance varies with the 

. status of the patient. Debilitated, elderly 
patients and acutely ill patients should be 
given reduced doses commensurate with 
age and physical condition. 

Solutions containing a vasoconstrictor 

: should be used cautiously in areas with 

:. limited blood supply, in the presence of 

. diseases that may adversely affect the pa- 
tient's cardiovascular system, or in pa- 
tients with peripheral vascular disease. 
Marcaine should be used cautiously in 
persons with known drug allergies or 
“sensitivities, particularly to the amide- 
type local anesthetics. 

Serious dose-related cardiac arrhythmias 
‘may occur if preparations containing a 











vasoconstrictor such as epinephrine are 
employed in patients during or following 
the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene, 

or other related agents. In deciding 
whether to use these products concur- | 
rently in the same patient, the combined _ 
action of both agents upon the myocar- 
dium, the concentration and volume of 
vasoconstrictor used, and the time since 
injection, when applicable, should be 
taken inte account. " 

Caution is advised in administration of 
repeat doses of Marcaine to patients with 
severe liver disease. 

Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A 
major cause of adverse reactions to this 
group of drugs is excessive plasma levels, 
which may be due to overdosage, inad- 
vertent intravascular injection, or slow 
metabolic degradation. 

Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and 
the cardiovascular system. The central 
nervous system effects are characterized 
by excitation or depression. The first man- 
ifestation may be nervousness, dizziness, 
blurred vision, or tremors, followed by 
drowsiness, convulsions, unconsciousness, 
and possibly respiratory arrest. Since 
excitement may be transient or absent, the 
first manifestation may be drowsiness, 
sometimes merging into unconsciousness 
and respiratory arrest. Other ceritral ner- 
vous system effects may be nausea, vomit- 
ing, chills, constriction of the pupils, or 
tinnitus. The cardiovascular manifesta- 
tions of excessive plasma levels may in- 
clude depression of the myocardium, 
blood pressure changes (usually hypoten- 
sion), and cardiac arrest. In obstetrics, 
cases of fetal bradycardia have occurred 
(see Warnings). 

Allergic reactions, which may be due to 
hypersensitivity, idiosyncrasy, or dimin- 
ished tolerance, are characterized by 
cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detec- 


PRODUCT IDENTIFICATION MULTIPLE DOSE VIAL 


Ascorbic 60% Sod, Edetate 
Lactate Caiclum | Bisulfite glycerol Acid 


Marcaine HC! = Epinaphrina* 
(brand of bu- jas bitartrate) 
pivacaine HCI) 


Sodium Thie 


Methyl- 
Bisulfite glyceroi Acid 


paraben 








% mg./mi. Dilution mg./mi. mg./mi. mi/ml, mg./mi. mi./ml. 
038 25 1200000 5 

i 5.0 = - =- - 

be 5.0 1:200,000 0.5 .001 2 

075 75 = 

075 7.5 1:200,000 


each solution isotonic. 





tion of sensitivity by skin testing is of 
doubtful value. 

Reactions following epidural or caudal 
anesthesia also may include: high or total 
spinal block; urinary retention; fecal in- 
continence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower ex- 
tremities; headache and backache; and 
slowing of labor and increased incidence 
of forceps delivery. 

Treatment of Reactions. Toxic effects of 
local anesthetics require symptomatic 
treatment; there is no specific cure. The 
physician should be prepared to maintain 
an airway and to support ventilation with 
oxygen and assisted or controlled respira- 
tion as required. Supportive treatment of 
the cardiovascular system includes intra- 
venous fluids and, when appropriate, 
vasopressors (preferably those that stimu- 
late the myocardium). Convulsions may 
be controlled with oxygen and intravenous 
administration, in small increments, of a 
barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thi- 
opental or thiamylal; if this is not avail- 
able, a short-acting barbiturate (e.g., seco- 
barbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by 
those familiar with their use. 

References: 1. Scanlon, J, W., Ostheimer, G., 
Brown, W. U., et al.: Neurobehavioral responses 
of newborns after maternal epidural anestbesia 
with bupivacaine, Abstracts of A.S.A. Oct. 14, 
1974, 2. Ostheimer, G. and Alper, M.: Intrapar- 
tum anesthetic management of the pregnant 
patient with heart disease, Clin. Obstet. Gynecol. 
18:81, Sept. 1975. 3. Moore, D. C., Bridenbaugh, 
L. D., Bridenbaugh, P O., ef al.: Bupivacaine, 

a review of 2,077 cases, 7.4.M_A. 214: 113, Oct. 
26, 1970. 4. Data in the files of the Sterling- 
Winthrop Research Institute. 5. Scanlon, J. W.: 
Obstetric anesthesia as a neonatal risk factor in 
normal labor and delivery, Clin. Perinatol. 1:465, 
Sept. 1974. 6. Scanlon, J., Brown, W., and Alper, 
M.: Neurobehavioral responses of newborn in- 


fants after maternal epidural anesthesia, Abstracts 
of A.S.A. Oct. 19, 1971. 
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“Solutions of Marcalne that contain epinephrine should not be autoclaved, 





Federal law prohibits dispensing without a prescription. 
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You Can Proceed with PAVULON i 


pancuronium bromide 





Proceed with PAVULON 


pancuronium bromide 








No matter where 
the surgeon's 
Incision 


—whatever the part of the body, or the 
age of the patient, or the cause of sur- 
gery, or the system or systems involved 
—there's a good chance that Pavulon 
can provide easy, uncomplicated, opti- 
mal, neuromuscular blockade. 


Initial doses of Pavulon, given to facili- 
tate endotracheal intubation, take 
effect in approximately 45 seconds and 
reach their peak at about 2-3 minutes. 
Once effective blockade is established, 
it can be maintained with incremental 
doses of 1 mg or less. 


Pavulon is well tolerated, even in the 
very old, the very young and the very 
fragile. Histamine release rarely, if ever, 
occurs; there is little, if any, ganglionic 
blockade and little effect upon the cir- 
culatory system other than an occa- 
sional slight rise in pulse rate and blood 
pressure. There is no muscle pain, no 
known effects on consciousness, pain 
threshold or cerebration. 


With proper procedure, reversal of 
Pavulon is relatively simple and 
generally uneventful. An appropriate 
antagonist, such as pyridostigmine 
bromide, can be used. With adequate 
dosage of the reversal agent, there is 
relatively little risk of recurarization. In 
cases of prolonged respiratory depres- 
sion, other factors (drug interaction, 
acidosis, hypokalemia, etc.) should be 
considered. 


KEY: 1. Polypectomy 2. Appendectomy 3. Spinal 
fusion 4. Nephrolithotomy 5. Open heart surgery 
6. Cesarean section 7 Craniotomy 8. Aortic-femoral 
graft 9. Cataract removal 10. Diverticulectomy 
(Meckel's) 


Please see last page of advertisement 
for complete prescribing information. 





Proceed with PAVULON 


pancuronium bromide 


clinically proven nondepolarizing muscle relaxant 











THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: Pavulon (pancuronium bromide) is the aminosteroid 2 
beta, 16 beta-dipiperidine-5 alpha-androstane-3 alpha, 1 7-beta-diol dia- 
cetate dimethobromide. It has the following structural formula: 


OOC.CH, 





CH,COO H 


ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction. 

Pavulon is approximately 5 times as potent as d-tubocurarine 
chloride. 

The onset and duration of action of Pavulon is dose dependent. With the 
administration of 0.04 mg. per kg. the onset of action, as measured by a 
peripheral nerve stimulator, is usually within 45 seconds, and its peak 
effect is usually within 4% minutes; recovery to 90% of contro! twitch 
height usually takes place in less than one hour. Larger doses, more 
suitable for endotracheal intubation, such as 0.08 mg. per kg. of Pavulon 
have an onset of action of about 30 seconds, and a peak effect within 3 
minutes. Supplemental incremental doses of Pavulon, following the initial 
dose, slightly increase the magnitude of blockade, and significantly 
increase the duration of the blockade. 

Pavulonhas little effect uponthe circulatory system.The most frequently 
reported observation is a slight rise in pulse rate. 

Human histamine assays, and clinical observations, as well as in vivo 
guinea pig testing, and in vitro mast cell testing, indicate that histamine 
release rarely, if ever, occurs. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, anti- 
cholinesterases, and potassium ion. Its action is increased by inhalational 
anesthetics such as halothane, diethy! ether, enflurane and methoxy- 
flurane, as well as quinine, magnesium salts, hypokalemia, some carcin- 
omas, and certain antibiotics such as neomycin, streptomycin, clindamycin, 
kanamycin, gentamicin and bacitracin. The action of Pavulon may be altered 
by dehydration, electrolyte imbalance, acid-base imbalance, renal disease, 
and concomitant administration of other neuromuscular agents. 

Pavulon has no known effect on consciousness, the pain threshold, or 
cerebration. 

INDICATIONS: Pavulon is indicated as an adjunct to anesthesia to induce 
skeletal muscle relaxation. It may also be employed to facilitate the 
management of patients undergoing mechanical ventilation. 
CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 

WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES 
FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients. 
USAGE IN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment of 
the physician the potential benefits outweigh the unknown hazards. 

Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving mag- 
nesium sulfate for toxemia of pregnancy, because magnesium salts enhance 
neuromuscular blockade. Dosage should usually be reduced, as indicated, 
in such cases. 

PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, hepatic, or renal disease, Caution 
should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 

ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug's pharma- 
cological actions beyond the time period needed for surgery and anesthe- 


sia. This may vary from skeletal muscle weakness to profound and 
prolonged skeletal muscle relaxation resulting in respiratory insufficiency 
or apnea. Inadequate reversal of the neuromuscular blockade by anticho- 
linesterase agents has also been observed with Pavulon (pancuronium 
bromide) as with all curariform drugs. These adverse reactions are managed 
by manual or mechanical ventilation until recovery is judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light 
anesthesia, especially if no anticholinergic premedication is used. 

A Skin: An occasional transient rash is noted accompanying the use of 
avulon. 

Respiratory: One case of wheezing, responding to deepening of the 

inhalational anesthetic, has been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action of 
Pavulon is increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane. No increase in intensity of blockade or duration of action of Pavulon 
is noted from the use of thiobarbiturates, narcotic analgesics, nitrous oxide, 
or droperidol. 

Prior administration of succinylcholine, such as that used for endo- 

tracheal intubation, enhances the relaxant effect of Pavulon and the 
duration of action. If succinylcholine is used before Pavulon, the adminis- 
tration of Pavulon should be delayed until the succinyicholine shows signs 
of wearing off. 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only by 
or under the supervision of experienced clinicians. DOSAGE MUST BE 
INDIVIDUALIZED IN EACH CASE. The dosage information which follows 
has been derived from dose-response studies based on body weight and is 
intended to serve as a guide only. Since potent inhalational agents or prior 
administration of succinylcholine enhance the intensity of blockade and 
duration of Pavulon (see DRUG INTERACTION), these factors should be 
taken into consideration in selection of initial and incremental dosage. 

In adults the initial intravenous dosage range is 0.04 to 0.1 mg. per kg. 
Later incremental doses starting at 0.01 mg. per kg. may be used. These 
increments slightly increase the magnitude of the blockade, and signifi- 
cantly increase the duration of blockade, because a significant number of 
myoneural junctions are still blocked when there is clinical need for more 
drug. 

If Pavulonisused to provide skeletal muscle relaxation for endotracheal 
intubation, doses of 0.06 to 0.1 mg. per kg. are recommended. Conditions 
satisfactory for intubation are usually present within 2 to 3 minutes. The 
ability of the anesthetist to intubate with Pavulon improves with experience. 

Dosage in Children: Dose response studies in children indicate that, with 
the exception of neonates, dosage requirements are the same as for acults. 
Neonates are especially sensitive to non-depolarizing neuromuscular 
blocking agents, such as Pavulon, (pancuronium bromide) during the first 
month of life. It is recommended that a test dose of 0.02 mg. per kg. be given 
first in this group to measure responsiveness. 

Cesarean Section: The dosage to provide relaxation for intubation and 
operation is the same as for general surgical procedures. The dosage to 
provide relaxation, following usage of succinylcholine for intubation (see 
DRUG INTERACTION), is the same as for general surgical procedures. 
MANAGEMENT OF PROLONGED NEUROMUSCULAR BLOCKADE: 
Residual neuromuscular blockade beyond the time period needed for 
surgery and anesthesia may occur with Pavulon as with other neuromus- 
cular blockers. This may be manifested by skeletal muscle weakness, 
decreased respiratory reserve, low tidal volume or apnea. A peripheral nerve 
stimulator may be used to assess the degree of residual neuromuscular 
blockade. Under such circumstances the primary treatment is manual or 
mechanical ventilation and maintenance of a patent airway until complete 
recovery of normal respiration is assured. Regonol (pyridostigmine bro- 
mide) or neostigmine, in conjunction with atropine, will usually antagonize 
the skeletal muscle relaxant action of Pavulon. These should be accom- 
panied by or preceded by injection of atropine sulfate to minimize the 
incidence of cholinergic side effects, notably excessive secretions and 
bradycardia. Satisfactory reversal can be judged by adequacy of skeletal 
muscle tone, and by adequacy of respiration. A peripheral nerve stimulator 
may also be used to monitor restoration of twitch height. Failure of prompt 
reversal (within 30 minutes) may occur in the presence of extreme 
debilitation, carcinomatosis, and with concomitant use of certain broad 
spectrum antibiotics, or anesthetic agents and adjuncts which enhance 
neuromuscular blockade or cause respiratory depression of their own. 
Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade; ventilation must be supported by 
artificial means until the patient has resumed control of his respiration. 
Priortothe use of reversal agents, reference to the specific package insert 
of the reversal agents should be made. 

CAUTION: Federal law prohibits dispensing without prescription. 
HOW SUPPLIED: 

2 ml. ampuls— 2 mg./ml.— boxes of 25, NDC #0052-0444-26 

5 ml. ampuls— 2 mg./ml.— boxes of 25, NDC #0052-0444-25 
10 ml. vials  — 1 mg./ml. — boxes of 25, NDC #0052-0443-25 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Cavitron Patient Gas Monitors 
for the continuous measurement of expired gases 


Cavitron's new Patient Gas Monitors provide breath-to-breath 
measurements of expired carbon dioxide and/or nitrous oxide. 


(3 Non-dispersive infrared technology provides accurate readings 
of either peak or continuous values. 


C The detection system is solid-state and measures infrared energy 
directly. It is not subject to the vibration sensitivity of indirect 
heat-comparison techniques. Detector construction is uniform 
and predictable; interchangeability is assured. 


O The easily-read digital display presents measured data in 
either percent or partial pressure. 


Operating controls are minimal, insuring ease of use. Calibration 
controls are comprehensive, insuring accuracy of results. Unique zero- 
reference systems are employed to minimize CO;/N:O crosstalk. 


Each unit contains zero and span controls for periodic checking of 
calibration. Barometric pressure and flow controls are available for 
front-panel adjustment as required. 


The patient lines are Luer-fitted, permitting either convenient tee- 
attachment to the expiratory hose or needle attachment to the 
endotracheal tube. 


ANARAD GAS ANALYZER 





CAVITRON 


Distributed in U.S. and Canada by 
CAVITRON/KDC MEDICAL SALES (CKMS) 
A Division of Cavitron Corporation 

1528 West Embassy Street 

Anaheim, California 92802 

714/776-1811 - 

Other States: 800-854-3894 








Documented Compatibility 
-with Epinephrine 





Unlike some anesthetic agents, ETHRANE® (enflurane) does 

N not significantly increase myocardial sensitivity to exogenous 
* epinephrine.*'-? Thus, ETHRANE allows an adequate margin 
of safety during anesthesia when epinephrine is used under 
the conditions prescribed for local hemostasis — with or with- 
out concomitant use of lidocaine.*! 4 Of course, all customary 
precautions in the use of vasoconstrictor substances should 
be observed. 
- Similarly, reported data has also supported the use of 
ETHRANE anesthesia in the resection of a pheochromocy- 
toma without significant increase in myocardial sensitivity to 
endogenous catecholamines.5-7 

ETHRANE anesthesia also ensures: fast induction, quick 

recovery, maintenance of cardiac rhythm, excellent muscle 
EL relaxation, and few aftereffects.* 
Mere m These advantages of ETHRANE-— plus its compatibility 
with subcutaneously administered epinephrine— demonstrate 
its versatility in concept and performance. 
































WARNING: Motor activity exemplified by movement of various 
|. muscle groups and/or seizures may be encountered with deep 
| levels of ETHRANE (enflurane) anesthesia. For additional warn- 
| ings, contraindications, and precautions, see following page. 


iat 


*Please see following page for summary of product information. 
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CAUTION: Federat Law Prohibits Dispensing without Prescription 


DESCRIPTION 
ETHRANE (enflurane) is a nonflammable anesthetic agent. it is 2-chloro- 
1,1,2-trifluoroethy! difluoromethy! ether, and its structural formula is: 
CIF F 
H-C-C-O-C-H 
FF F 
Some physical constants of the compound are: 
Molecular weight 184.5 
Boiling point 760 mm Hg. §6.5°C 
Retractive index n 20 1.3026-1.3030 
a 
Specific gravity 25°/25°C 1.517 
Vapor pressure in mm Hg.** z09?C 174.8 
25°C 217,7 
36^C 345.2 
**Equation for calculation of enflurane vapor pressures: 
z 7957 
B 
ta PA — zo 1678.4 
Gio T Te %C + 273.16 (Kelvin) 
Partition coefficients (2 37°C 
Water-gas 0.82 
Blood-gas 1.81 
Oil-gas 98.5 
Partition coefficients @ 25°C-rubber and plastic 
Conductive rubber 74.0 
Butyl rubber 90.0 
Polyvinyichloride 120.0 
Polyethylene ~2.0 
Polyurethane A18 
-Polyolefin 4.2 
‘Buty! acetate ~3.0 
Solubility of enflurane in H5O at 22°C 0.275% 
Solubility of H20 in enflurane 0.13% 
Purity by gas chromatography 99.996 
Flammability in air None 
Flammability in oxygen None 


(Entire concentration range to saturation 
at 71 and 113°F and 743 mm Hg. pressure.) 
M.A.C. (Minimum alveolar concentration} 
Man with pure oxygen 1.68 
Man with 7096 nitrous oxide 0.56 (est) 


, ETHRANE is a clear, colorless, stable liquid without added chemical sta- 
bilizers. ETHRANE has a mild, sweet odor. Storage of samples in indirect 
sunlight in clear, colorless giass for a five year period, as well as direct 
exposure for 30 hours to a 2 amp, 115 V, 60 cycle long wave U.V. light, 

roduced no changes in composition detectable by gas chromatography. 

THRANE in one normal sodium methoxide-methanol solution, a strong base, 
for over six months consumed none of the alkali, indicative of strong base 
stability. ETHRANE does not decompose in contact with soda lime. ETHRANE 
‘does not attack aluminum, tin, brass, iron or copper, 


ACTIONS 


_ ETHRANE (enflurane) is an inhalation anesthetic. Induction and recovery 
from anesthesia with ETHRANE are rapid, ETHRANE does not appear to 
- Stimutate-excess salivation or tracheobronchial secretions, or affect bron- 
‘chomotor tone. Pharyngeal and laryngeal reflexes are readily obtunded. The 
level of anesthesia changes rapidly with ETHRANE, ÉTHRANE reduces ven- 
- tation as depth of anesthesia increases. ETHRANE provokes a sigh response 
» reminiscent of that seen with diethy! ether. 
|^ There is a decrease in blood pressure with induction of anesthesia, fol- 
lowed by a return to near normal with surgical stimulation. Progressive in- 
creases in depth of anesthesia produce corresponding increases in hypo- 
tension. Heart rate remains relatively constant without significant bradycardia, 
Electrocardiographic monitoring or recordings indicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arterial blood does 
not alter cardiac rhythm. 
White ETHRANE has been shown to sensítize the myocardial conduction 
system to epinepbrine in the dog and may produce serious arrhythmias, 
‘studies in cats and man indicate considerable margin of safety in the admin- 


- istration of epinephrine Containing solutions during ÉTHRANE anesthesia. 


ETHRANE anesthesia: has been used in medicat conditions involving high 
. levels of endogenous catecholamines, as well as surgical procedures in- 
. volving carefully administered quantities of epinephrine containing solutions. 
On the basis of this experience, up to 10 ml. of 1:100,000 or 1:200,000 epine- 
phrine containing solution alone or in canjunction with focal anesthetics may 
be injected subcutaneously at a rate of not more than 10 ml. per minute and 
no more than 30 mi. per hour. More dilute solutions and reduced dosages 
should be used in highly vascular areas. All customary precautions in the 
use of vasoconstrictor substances should be observed, 

Muscle relaxation. is adequate for.intra-abdeminal operation at normal 
levels of anesthesia. Should. greater relaxation be necessary, minimal doses 
of muscle relaxants may be used. All commonly. used muscle relaxants are 
compatibie with ÉTHRANE. THE NONDEPOLARIZING MUSCLE RELAXANTS 
ARE MARKEDLY POTENTIATED. Neostigmine does not reverse the direct 
effect of ETHRANE, 

Biotransformation of ETHRANE in man results in low levels of serum 
fluoride ions averaging 15 mM/L. These levels are well below the 50 mM/L 
seen to produce renal damage in normal subjects: however, it is possible 
that these levels could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation. 








ANESTHESIA and ANALGESIA . . . Current Researches 


INDICATIONS 


ETHRANE (enflurane) may be used for induction and maintenance of generat 
anesthesia. Adequate data have not been developed to establish its applica- 
tion in obstetrical anesthesia. 


CONTRAINDICATIONS 
Seizure disorders (see WARNINGS), 

Known sensitivity te ETHRANE ienflurane) or other halogenated anesthet- 

ies. 

WARNINGS 

Increasing depth of anesthesia with ETHRANE (entfiurane) produces a change 
in the electroencephalogram characterized by high voltage, fast frequency, 
progressing through spike-dome complexes alternating with periods of elec- 
trical silence to frank seizure activity. The latter may or may not be asso- 
ciated with motor movement. Motor activity, when encountered, generally 
consists of twitching or "jerks" of various muscle groups; it is self-limiting 
and can be terminated by towering the anesthetic concentration, This elec- 
troencephalographic pattern associated with deep anesthesia is exacerbated 
by hyperventilation producing low arterial carbon dioxide tension. The pat- 
tern serves as a Warning that depth of anesthesia is excessive, Cerebral 
blood flow and metabolism studies in normal volunteers during seizure pat- 
terns show no evidence of cerebral hypoxia, and recovery appears to be 
uncomplicated, 

Since levels of anesthesia may be altered easily and rapidly, only cali- 
brated vaporizers which measure output with reasonable accuracy should 
be used. Hypotension and respiratory exchange can serve as a guide to 
anesthesia depth. With deep levels af anesthesia, more marked hypotension 
and respiratory depression are encountered. 

The action of nondepolarizing relaxants is augmented by ETHRANE. Less 
than the usual amounts of these drugs should be used. The time for recovery 
from the myoneural effect of these relaxants is greater in the presence of 
ETHRANE than for other commonly used anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been established. Repro- 
duction studies have been performed in rats and rabbits, and there is no 
evidence of harm to the animat fetus. The relevance of these studies to the 
human is not known, Since there is no adequate experience in pregnant 
women who have received the drug, safety in pregnancy has not been estab- 
lished. 


PRECAUTIONS 

Bromsulfalein (BSP) retention is mitdly elevated postoperatively in some 
cases. There is some elevation of glucose and white blood count intra- 
operatively. Glucose elevation should be considered in diabetic patients. 
ETHRANE (entflurane) should be used with caution in patients who by virtue 
of medical or drug history could be considered more susceptible to cortical 
stimulation produced by this drug. As with other general anesthetics and 
some muscie relaxants, hyperpyrexia has been observed with the use of 
ETHRANE, 


ADVERSE REACTIONS 


1. Motor activity exemptified by movement of various muscie groups and/or 
poner may be encountered with deep levels of ETHRANE (enflurane) anes- 

esia. 

2. Hypotension and respiratory depression have been reported. 

3. Arrhythmias, shivering. nausea, and vomiting have been reported. 

4. Elevation of the white blood count has been observed. It has not been 
determined whether this is related to ETHRANE or to surgical stress, 


DOSAGE AND ADMINISTRATION 
The concentration of ETHRANE jenflurane) being delivered during anesthesia 
from a vaporizer should be known. This may be. accomplished by using: 

a) vaporizers calibrated specifically tor ETHRANE; 

b) vaporizers from which delivered flows can easily and readily be 

calculated. 

Maintenance concentration should not exceed 395, Premedication shouid 
be selecled according to the need of the individual patient, taking into 
account that secretions are weakly stimulated by ETHRANE and the heart 
rate remains constant. The use of anticholinergic drugs is a matter of choice. 


induction: Induction may be achieved using ETHRANE alone with oxygen 
or in combination with oxygen-nitrous oxide mixtures. Under these conditions 
some excitement may be encountered. if excitement is to be avoided, a hyp- 
notic dose of a short-acting barbiturate should be used to induce uncon- 
sciousness, followed by the ÉTHRANE mixture. in general, inspired con- 
centrations of 3.5-4.5% ÉTHRANE produce surgical anesthesia in 7-10 
minutes, 


Maintenance: Surgical levels of anesthesia may be attained with 1,.5-3.095 

concentration. If added relaxation is required, supplemental doses of muscle 
relaxants may be used. Ventilation to maintain the tension of carbon dioxide 
in arteria! blood in the 35-45 mm range is preferred to hyper- or hypoven- 
tilation in order to minimize possible CNS excitation. 
. Fhe fevel of blood pressure during maintenance is an inverse function of 
ETHRANE concentration in the absence of other complicating problems. 
Excessive decreases (unless related to hypovolemia} may be due to depth of 
anesthesia and in such instances should be corrected by lightening the level 
of anesthesia. . 


Overdosage: in the event of overdosage, or what may appear to be over- 
dosage, the following action should be taken: 

Stop drug administration; establish that the airway is clear and initiate 

assisted or controlled ventilation with pure oxygen as circumstances 

dictate. 


ADMINISTRATION EQUIPMENT 

ETHRANE (enflurane) may be administered from a flow-through type vapor- 
izer manufactured and specificaliy calibrated for ETHRANE, Vaporizers which 
deliver saturated vapor at reasonable flows but are not specifically calibrated 
for ETHRANE may be used. A reasonably accurate. estimation of delivered 
ETHRANE concentration may be made by use. of the nomograph on the 
reverse side. 

THRANE contains no stabilizer. Nothing is present in the agent to alter 
calibration or affect the operation characteristics. of the vaporizer. 


PACKAGING == 707 


ETHRANE (enflurane) is packagéd in 125 and 250 ml. amber. boltiés. No 
additives or stabilizers are present... ^. ^ s. 
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VERSAT CINE’ MULTI-PURPOSE DOPPLER INSTRUMENT 








FOR MONITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 
TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This sensitive Doppler probe is easy to 
tape in position for non-invasive detection 
and monitoring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff . 
and manometer, systolic blood pressures — 
may be obtained even on infants and 
hypotensive patients. 


FOR EARLY DETECTION 
OF VENOUS AIR EMBOLISM 


This sensitive wide-angle Doppler probe is 
particularly well suited for the detection 
of venous air emboli which may occur 
during neurosurgical procedures per- 
formed with the patient in the upright 
position. It also detects motion of the 
heart muscle, heart valves and blood flow. 









LISTED 


1787 


SONICS 


VERSATONE D8 DOPPLER 


The Model D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeable probes of various frequencies 
and configurations. It is powered by a 
rechargeable battery and has a built-in 
loudspeaker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset for private listening, and a chart 
recording circuit. The two probes shown 
above are particularly useful to the 
anesthesiologist. Two sizes of pencil 
shaped probes are also available. These are 
useful for intraoperative assessment of 
flow in exposed vessels, as well as for 
transcutaneous flow detection. 


For more information call (415) 965-3333 or write: 
P.O. Box M e 340 Pioneer Way e Mountain View, CA 94042 





(68) 


ANESTHESIA and ANALGESIA . . . Current Researches 


CLASSIFIED ADVERTISING 


STAFF ANESTHESIOLOGIST 


Applicants are invited for staff and associ- 
ate staff positions in an international famous 
midwestern medical center. Jobs are available 
both in General, Neuro, Cardio-Thoracic Anes- 
thesia, Intensive Care and Education. The can- 
didate should be American Medical graduate, 
board eligible or certified. The Division of An- 
esthesia is involved in 20,000 surgical cases 
yearly in all sub-specialities of Anesthesia (no 
O.B. anesthesia), pain clinie, and over 150 bed 
Intensive Care Unit. 


This is a career job and the salaries are 
very competitive depending on experience. An 
excellent package of fringe benefits, pension 
plan, insurances, paid vacation, and sabbatical 
time is provided. Interest and experience in 
teaching and research are definite advantages. 
Submit applications accompanied by CV stating 
previous experience, interests, and require- 
ments, Interview will be arranged at our cost. 
Reply to Box 3-77-C, e/o LA.R.S. 


MMMATINMUNBERUVMDINALADLLUUAHURITRIHRIALBLUMBIUMIREARORAHURUVIUIRIUPUARAHUUAURAHRE aaa 


ANESTHESIOLOGIST: Board certified/eligi- 
ble to join newly formed group of anesthesi- 
ologists and nurse anesthetists in New Orleans. 
Fee for service private practice at 650-bed 
general hospital and newly opened Pediatric 
hospital. Write or call Metropolitan Anesthesia 
Associates, 4520 Melpomene, New Orleans, La. 
70185. (504) 822-9331. 

SPEED EAGAN NGGAOTA iiA 


DEPARTMENT OF ANESTHESIOLOGY, 
UNIVERSITY OF UTAH, has faculty positions 
at Assistant or Associate Professor levels in 
areas of Intensive Care and Obstetrical Anes- 
thesia. Must have interest in research and 
teaching as well as patient care. Salary negoti- 
able. Write to: K. C. Wong, M.D., Ph.D., Chair- 
man, Department of Anesthesia, 50 North Medi- 


. eal Drive, Salt Lake City, Utah 84132. An equal 


E opportunity affirmative action employer. 


"e: i DAANAN 


ANESTHESIOLOGIST: Board certified/eligi- 
ble to join incorporated group. Supervise gradu- 
ate and student nurse anesthetists in 330-bed 
hospital. All types of surgery except open 
heart. Beautiful rural area but near Phila. and 
Balt. Salary to start leading to full partner- 
ship. Prefer grad. of American Med. School. 
Send CV to Joseph Katz, M.D., St. Joseph Hos- 
pital, Lancaster, PA 17604. 





ANESTHESIOLOGIST: ABA certified, U.S. 
Med. School, University trained, desires reloca- 
tion to scenic area Tenn., Va., N.Car., Ky., Ark., 
or SW Pa; 15 yrs. experience Anes., also 


trained in Pul. Med., Resp. Care, Intensive Care; 


Prefer Associate, Partner or group. Available 
2 mos. notice. Reply Box 3-77.B, c/o LA.R.S. | 


PEDIATRIC ANESTHESIOLOGY 
RESIDENCY 
Childrens Hospital of Los Angeles 


Three-phase program: Clinical, Academie, In- 
vestigative, emphasizing practical aspects of 
an ELOCSIDIMEY related to infants and chil. 

ren. 

AMA approval for third-year residency. Posi- 
tions available from two months to one year. 

Apply: George B. Lewis, Jr., M.D. 

ead, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 
Los Angeles, California 90054 
Phone (213) 660-2450, Ext. 2262 
—————————— '— PON— 
ANESTHESIOLOGISTS 

Needed for university-affiliated hospital in 

Southern Calif. Clinieal teaching positions for 

Board eligible or Board certified anesthesiolo- 

gists with academic appointment through uni- 

versity. Calif. lieense required. All types of 
anesthesia are provided in 750-bed facility with 
active, fully approved anesthesia residency pro- 
gram. Will eonsider for immediate appointment. 

Remuneration and fringe benefits commensurate 

with experience. Equal opportunity employer. 
Contact: Edward J. Mahoney, M.D. 

Acting Chairman, Anesthesiology 
UCLA School of Medicine 
Harbor General Hospital Campus 
1000 W. Carson Street 
Torrance, CA 90509 





ANESTHESIOLOGIST — Expanding sixty-two 
man multispecialty clinic in Northwestern Lower 
Michigan, winter-summer resort area, needs 
fourth to join three board certified anesthesi- 
ologists. Respiratory care and cardiovascular 
anesthesia training necessary. Good salary and 
excellent fringes. Send curriculum vitae to: 
J. R. Rasmussen, M.D., c/o Burns Clinic Medi- 
cal Center, P.C., 560 West Mitchell St., Petos- 
key, Michigan 49770. 





ANESTHESIOLOGIST, 42, FFARCS(Eng): 
ABA certified, Associate Professor, University 
trained: 10 years experience in Clinical Anes- 
thesia and Residency Training: Special inter- 
est and experience in Cardiopulmonary support 
in Surgical ICU including P.A. catheter, Fiber- 
optic Bronchoscope and Mass Spectrometer. 
Seeks suitable position with clinical and teach- 
ing responsibilities. Will also consider direct- 
ing non residency department involved in clini- 
eal anesthesia and pulmonary therapy. Prefer 
warm climate. Available May, 1977: Further 
ne on request. Reply Box 3-77-A, c/o 


4 
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; Cook County Graduate School 
.  . of Medicine 


Announces 


- Intensive Review Course 
in Anesthesiology 


May 29-June 2, 1977 


^ 8E more ; detatled information and 
registration forms, address: 
| REGISTRAR 
707 South Wood Street 
Chicago, Illinois 60612 


Telephone: 312/733-2800 


SAC '77 
FADOS Anesthesia Conference 


- Clinical Relevance of 
Recent Advances i in Anesthesia: 
The Critically Il Child and Adult 


- Saturday and Sunday: 
August 13-14, 1977 


Contact: Janie Sydow 

Department of Anesthesia 

School of Medicine 

Stanford University 

-.'" Stanford, California 94305 
^ (415) 497.6411 
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XIV LATIN -AMERICAN and. n 
XVIII MEXICAN ANESTHESIOLOGY - 
CONGRESS | 


October 9-13, 1977 


Guadalajara, Jalisco 
Mexico. 


Topics of Scientific Program: t 
Education - Risks - Recent advances 
Pediatrics and Obstetric anesthesia 
Management of poor. risk patients 
Free papers 


For Registration and Information Write to: 
Dr. Jorge Delgado Reyes 
158-2 Francisco Rojas González St. - S.H. 


Guadalajara, Jal., Mexico 






McGILL UNIVERSITY. 


ANNUAL REVIEW. COURSE IN 
ANAESTHESIA—1977 - 


May 23- 27, 1977 








This course is directed towards tote acres, 2A 





full time specialist anesthesiologi ts.” he c purse ; 
content has been chosen. mE RUM 















The meeting is held i in a god and attractive 
setting in McGill University. — | 


FEE: $200.00 mE 
$100.00. He 
For further details write tor 


The Secretary - 
Post-Graduate’ dud. 
Royal Victoria Hospital 
687 Pine Avenue, West, 
Montreal H3A 1A1, Quebec 
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Aere is one" 


circuit with a 
ful function 
swivel wye 
jiece that 
eets or 
exceeds the 
WM 4a b 
EM ttee's 
Standards. 





Withthe new 
universal 












endotracheal 
tube eus 





“The one that already features 
the filter with th greater than 
99% BFE, N les 99 









neck as well as e ological-obstacles. 
Why not update your procedure with 
the addition of theSLICK STYLETTE as 
a standard part of your intubation pack— 
so it's always there when you need it? 


Disposable Slick Sty lette 3 
is packaged in a sterile — 
Tyvek Mylar peel-away- 
package. Fits all sizes 

and types of tubes 
from 3.5mm pediatric 
to 10.5mm adult. 


Beg. US, 
Fat. Off. 


Evaluatioa sample 
and literature 
on request. 


| Medical Products Div. P.O.L.A. Plastics Co, Dept. B 
I P.O. Box 2086, Van LE Ca. 91408 (213:368-2002]. 








Anesthesia 
Circuits 








The new standard of excellence 
in disposable breathing circuits. 





Though not yet mandatory, K&G 
considers the Z-79 standards for 
leakage, quality and dimensions 
to be the minimum level accept- 
able for safe, reliable patient 
care. That's why we have designed 
and manufactured our disposable, 
fully conductive anesthesia circuits 
to meet or exceed them. In 
important ways, like our exclusive 
swivel wye piece that is both 
virtually leakproof and designed 
for maximum flexibility in 
positioning and movement. 

And our sensational bacterial 
and viral retentive filter’. 
Nicholes 99, unlike ordinary 
filters, has a new electrostatic 
filter element that attracts, 
traps and holds over 9925 of the 
pathogens found in the anesthesia 
system. Not just bacteria, but 
viruses as well, regardless of 
size. lt is lightweight, multi- 
directional and may be interposed 
anywhere within the anesthesia 
System. 


Filters and individual components 
may be ordered as complete 
circuits or separately. They are 
available from your anesthesia 
and respiratory supply dealer. 

For more information or name 

of nearest dealer, call or mail 
coupon. 


* Research 
request. 


findings available upon 


K&G Healthcare Industries, Inc. 
P.O. Drawer #168. Goldsboro. N.C. 27530 
(919) 731-2283 


[ ]Please send me further information on K&G 
Anesthesia Circuits. 


[ ]Piease arrange a demonstration for me on 
K&G Ahesthesia Circuits 


Name. — — oem EO D A 
Institution Name 

Address 

City 


State EUG SS 
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NEW 


i 


SSS 


=> 





Pain Suppression Labs, Clifton, New Jer- 
sey, offers new PAIN SUPPRESSOR™ GL 
106 Series, a new “sub-compact,” battery 
operated, completely portable Transcutane- 
ous Electrical Nerve Stimulator which offers 
multi-pain-site application, to be used as a 
simple therapeutic means to alleviate both 
chronic and acute pain of diverse etiology. 


The Pain SuppressorTM GL 106 is 315" 
long, weighs less than 4 oz. and is very sim- 
ple to operate. 'The unit is available only 
to, or on the order of a Licensed Medical 
Practitioner. After prescription and profes- 
sional instruction, the person may apply the 
GL 106 by himself at home, office, locker 
room or anywhere it is convenient. A small 
holster is available for carrying the device 
on the belt. 





* * * 


Medical Products Division, P.O.L.A. Plastics Company, Van Nuys, California 91408, 
has available the PEDILETTE™, pediatric/neo-natal SLICK™ Stylette Endotracheal 
Tube Guide which will fit all pediatric/neo-natal tubes from 2.0 mm to 3.5 mm, rubber, 
plastic or armored. 


The special low friction coating eliminates the need for lubrication, enhances its slip- 
pery surface and permits easy removability from the endotracheal tube after intubation. 


The PEDILETTE™ glides through a special Stop-Lock that conveniently fits into the 
tube connector. This allows for adjustability of the PEDILETTE’s™ length. It also 
accepts the tip of the excess PEDILETTE™ after it has been formed into a functional 
handle, allows the intubator optimum control of the tube. This Stop-Lock provides maxi- 
mum patient safety by preventing the PEDILETTETM from being accidentally extended 
beyond the tip of the endotracheal tube. 





Combining 
quality with an LX 
economical price... x 


















é Pi Low Pressure Cuffed 
Qe Oral/Nasal Murphy 
= & Endotracheal Tube 
Pediatric Cuffed 
Oral/ Nasal Murphy Oral/Nasal Murphy 
Endotracheal Tube * Endotracheal Tube 
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Non-conductive 
blood pressure cuffs... 


in color! 


Color-code your departments! Dupaco offers 
high quality non-conductive blood pressure 
cuffs in red, blue denim, paisley or plaid. 
Monogramming available up to 20 

stitched letters, with department or 
individual's name. 

Stain resistant, washable, with velcro 
attaching strips for Dupaco Diasyst.® Sizes 
listed below. For more information write: 
Dupaco Inc., P.O. Box 98, San Marcos, CA 


























92069. 

Aduit 534" x 22” 
Medium Adult 5" x 17%" 
Child 334" x 1444" 










234" x 1115" 





DUPACO 


INCORPORATED 


Cea e o oe ee er A o | O eR 


ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and ANALGESIA . . . Current Researches, effective ~ 


LÀ 
nnaman mimara 

















FROM-——(Current or former address) TO—(New Address) 
Street Address _ ^ Street Address 
— City, State, Zip Code — City, State, Zip Code 


Important: Show your name and address exactly 
as your Journal is now addressed. Print Your Name 
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RALS POWER UNIT 


... INSTANT ATOMIZATION FOR 
FAST TOPICAL ANESTHESIA 


Fast, measured topical anesthesia is ready at your 
finger tips in a Rals Power Unit. Forget about pumping 
bulbs, uneven atomization, and limited spraying dura- 
tion. The Rals Power Unit uses a non-toxic propellant, 
dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No's. 151, 152 and 163. Instantly, 
a fine mistlike spray is produced. A graduated solution 
vial is available for measuring the amount of solution 
administered. 

The Rals Power Unit has been proven effective in 
cocainization prior to endotracheal intubation, endo- 
scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rals Power Unit #168 are supplied six to a box with 
adaptor top and metal base. Illustration shows #152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERATURE, PRICE LIST. 


RALS LABORATORIES DIVISION 


ATN 
SGcuHuuemnnri 


0204065; Gre. 


480 WEST AURORA ROAD - NORTHFIELD, OHIO 44067 
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SL-45 












Es 


Ed 
FS 


V ^ FOR MONOSCOPE 


E 


+ 


Ly 


lisi MONITORING COMFORT 
CUSTOM EARPIECE 


Made From Your Own Ear Impression 


"Do It Yourself Impression Procedure" Proven 
At Many Hospitals Over Period of Several 
Years. 


. Impression Kit and Full Instructions 
Complete With Postage Prepaid Mailer. $2.00 
Lucite Custom Earmold With Coupler. $8.50 


One Week Deliver. Full Guarantee. 
Full information upon request. 


PLASTICAST LABORATORIES, INC. 
711 Penn Ave. Pittsburgh, Pa. 15222 
Telephone: (412) 281.3357 


52nd 





CONGRESS 


Juternational 
Anesthesia Research Society 


MARCH 19-23, 1978 
THE SAN FRANCISCO HILTON HOTEL 






PLAN NOW TO 





Lelet] BE ABOARD! 
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MONITORS MADE. 
MADE EVEN BETTER. 
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For some time now, our single ECG complex shows up Pressure Module, write Data- 
monitors have been selected with each full sweep. scope Corp., 580 Winters Ave., 
for use in surgery by more The 861 doeseven more. Paramus, NJ 07652. 
medical people than any other It monitors body temperature. 
battery-powered monitors in On a digital read-out. And this 
the world. Because we give you same digital display will give 
more of what you want in a you heart rate when you want 
monitor than any other moni- — it: or mean blood pressure | 
tors in the world. when you are using the 861 with — MEE EE 

However, this didn’t stop our Pressure Module. : 
us from improving them. For all the things our 851 

Our new Datascope 851 and 861 do, they're surprisingly 
and 861 will now give you heart portable. And they offer longer eae: t 
rate not only from ECG,butalso  battery-operating time than | Po  AESUE. 


VÉ anie 


from pulse or blood pressure. any other monitors. In some 
And both monitors will s. actually twice as long. 





give you 2 traces. So you can Will they continue to be 

monitor ECG (or EEG) and the most popular monitors Tie Ghia Dressaro Modute 

pulse simultaneously. made? More so. T wa dq 
And both give you beat by For further information THE DATASCOPE 

beat synchronization’. So a about our new 851. 861, or our 851/861 


TULS. PATENT NO. 3457452 




















AAC-377 
extracorporeal 


Extracorporeal Medical Specialties, 
Inc., Royal & Ross Roads, King of 
Prussia, PA 19406 (215) 337-2400 


Please send me more information 
about the Swank* Transfusion Filter. 


Name 


Title 





Hospital Affiliation 
Address 
City State 


Zip Phone 


Weprovidethehow 
You provide the know-how - 


E 
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Selecting the right drug for continuous epidural anesthesia is _ 
your concern. Providing a good system to help you administer 
it is ours. Thats why the TRAVENOL" Twin-Tray contains only 
the essentials. | 

The component section has an all metal Tuohy needle, a 
5 ml glass syringe, a 19g radiopaque catheter, and a syringe 
with needles for the skin wheal or deeper infiltration. The tray 
also features a slip-on adapter that simplifies connecting 
catheter and syringe. And the drape and prep section can be 
easily removed, giving you the choice of mixing drugs first or 
prepping first. All that’s needed to complete our tray is your 
judgment in selecting drugs. 


See directions for use accompanying this product. 


TRAVENOL LABORATORIES, INC. 


MEDICAL PRODUCTS DIVISION 
DEERFIELD, ILLINOIS, US.A. 60015 





2». CURRENT RESEARCHES 


Hepatitis and Operating-Room Personnel: 
An Approach to Diagnosis and 
Management Page 366 


Sodium Nitroprusside-Produced Hypotension 
During Anesthesia and Operation in the 
Head-Up Position |. . m ME T Page 391 


Ium shConenise- ... eV au cae Page (4) 


Oldest Publication in the Specialty - Established 1922 


Journal of the International Anesthesia Research Society 


Volume 56, No. 3 May-June, 1977 


52nd Congress 
San Francisco, California - March 19-23, 1978 





THE 
UNPROTECTED EYE 
THAT WAS 
^PROTECTED" 
WITH TAPE. 


A 














After tape removal, corneal damage is not After fluorescein staining, the green band delin- 
evident on gross inspection. eates area of epithelial injury. 


Corneal abrasion ...the most common ocular been used as an added precaution before the 
complication of general anesthesia. ^"It is pain- tape was applied. 

ful, may progress to inflammation of the uveal 
tract, and in the presence of contamination may 
lead to a serious infection." 


Lacri-Lube. The first sterile, nonmedicated 
ophthalmic ointment designed solely to lubri- 
cate the eye and protect it against the risk of 


This patient's eyes were taped shut and chemical insult, dehydration, or corneal 
monitored throughout a surgical procedure pisvbuetien, 

that lasted several hours. No ocular lubricant 

was used?The cause of the corneal abrasion Whether you tape or not, make Lacri-Lube 


is unknown...but it might have been prevented a part of your standard procedures to minimize 
if Lacri-Lube? sterile ophthalmic ointment had the risks of general anesthesia. 


LACRFLUBE 


sterile ophthalmic ointment 


IT'S EXTRA INSURANCE. 


References: 1. Snow, J.C. et al: Corneal Injuries During General Anesthesia, Anesthesia and Analgesia 54:465 (Jul-Aug) 1975. 2. Terry, H.R. et al 
Untoward Ophthalmic and Neurologic Events of Anesthesia, Surg Clin N Amer 45:927 1965. 3. Data on file, Allergan Pharmaceuticals. 


AJIÉRGAN Irvine, Colifornia/Pointe Claire, PQ., Canada © 1976 Allergan Pharmaceuticals 
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A mainstay c 





In more than 8 years of 
use in the U.S., 


no liver or kidney toxicity 


has been reported, even 
after repeated 


exposures. 


INNOVAR injection 
makes it possible to avoid 
the use of halogenated agents 
or to reduce the dosage of any 
general anesthetic. 





For information relating to Contraindications, 
Warnings, Precautions and Adverse Reactions, 
please turn following page. 








INNOVAR? injection is available for use only 


upon direction of a physician. 





cNeil Laboratories, Inc., 1977 





modern anesthesia 





[1 INNOVAR injection as part of a technique 
of balanced anesthesia helps maintain good 


^ — cardiovascular stability — of special value in 
protracted procedures and in geriatric, 
poor-risk and markedly debilitated patients. 
O INNOVAR injection 
10—2 ml. AMPULS can facilitate management 
IN V R Y in a variety of surgical and 
JNJECTION I diagnostic situations, such 
as “awake” endotracheal 
NDC 0045.0280.20 mi intubation.. Fe patient 
| FOR INTRAVENOUS. cooperation during the 
ES 5 Áo 
as the citrate | Usual Dosage O? d aie position 
uus MEM i must be maintained. 
Droperidol.............. 2.5 mg. mation for use, ' 


Lactic acid for pH adjustment panying produc 
to 3.5 t 0.3 l- 


a 
















The two components of INNOVAR injection, fentanyl and droperidoi, have 
different pharmacologic actions. Before administering INNOVAR iniection, 
the user should familiarize himself with the special properties of each drug, 
particularly the widely differing durations of action. 






INDICATIONS INNOVAR injection is indicated to produce tranquilization and 
analgesia for surgical and diagnostic procedures. It may be used as an anes- 
thetic premedication, for the induction of anesthesia, and as an adjunct in the 
maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE® fentanyl injection alone, rather than the 
combination drug INNOVAR injection, shouid usually be used; see Dosage and 
Administration Section. 

CONTRAINDICATIONS INNOVAR injection is contraindicated in patients with 
known intolerance to either component, 

WARNINGS AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE 
RECEIVED INNOVAR INJECTION SHOULD HAVE APPROPRIATE SURVEIL- 
LANCE. 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE 
READILY AVAILABLE TO MANAGE APNEA. 

js also discussion of narcotic antagonists in PRECAUTIONS and OVERDOS- 
AGE. 

FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPOTENSION 
SHOULD ALSO BE AVAILABLE. 

The respiratory depressant effect of narcotics persists longerthan the measured 
analgesic effect. When used with INNOVAR injection, the tota! dose of all 
narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, be used in reduced doses ini- 
tially, as low as 1/4 to 1/3 those usually recommended. 

INNOVAR injection may cause muscle rigidity, particularly involving the mus- 
cies of respiration. This effect is due to the fentanyl component and is related to 
the speed of injection. Its incidence can be reduced by the use of slow intrave- 
nous injection. Once the effect occurs, it is managed by the use of assisted or 
controlled respiration and, if necessary, by a neuromuscular blocking agent 
compatible with the patient's condition. 

Drug Dependence: Fertany!, the narcotic analgesic component, can produce 
drug dependence of the morphine type and therefore has the potential for being 
abused, 

Severe and unpredictable potentiation by MAO inhibitors has been reported 
with narcotic analgesics. Since the safety of fentanyl in this regard has not been 
established, the use of INNOVAR injection or SUBLIMAZE (fentanyl) in patients 
who have received MAO inhibitors within 14 days is not recommended. 
Head injuries and increased Intracranial Pressure: INNOVAR injection 
shouid be used with caution in patients who may be particularly susceptible to 
respiratory depression such as comatose patients who have a head injury or 
brain tumor. In addition, INNOVAR injection may obscure the clinical course of 
patients with head injury. 

Usage in Children: The safety of INNOVAR injection in children younger than 
two years of age has not been established. 

Usage in Pregnancy: The safe use of INNOVAR injection has not been estab- 
lished with respect to possible adverse effects upon fetal development. There- 
fore, it should be used in women of childbearing potential only when, in the 
judgment of the physician, the potential benefits outweigh the possible hazards. 
There are insufficient data regarding placental transfer and fetal effects; there- 
fore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS [he initial dose of INNOVAR injection should be appropriately 
reduced in elderly, debilitated and other poor-rísk patients. The effect of the 
initial dose should be considered in determining incremental doses. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves, and 
can cause peripheral vasodilatation and hypotension because of sympathetic 
blockade. Through other mechanisms (see Actions), fentanyl and droperidol 
also depress respiration and blood pressure. Therefore, when INNOVAR injec- 
tion is used to supplement these forms of anesthesia, the anesthetist must be 
familiar with the physiological alterations involved, and be prepared to manage 
them in the patients selected for this form of anesthesia. 

if hypotension occurs, the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fluid therapy. Repositioning the patient to 





improve venous return to the heart should be considered when operative condi- 
tions permit. itshould be noted that in spina! and peridural anesthesia, titing the 
patient into a head-down position may resu:t in a higher level of anesthesia than 
is desirable, as well as impair venous return to the heart. Care should be 
exercised in the moving and positioning of patients because of a possibility of 
orthostatic hypotension. H volume expansion with fluids plus these other coun- 
termeasures do not correct the hypotension, then the administration of pressor 
agents other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with INNOVAR 
injection due to the alpha-adrenergic blocking action of droperidol. 

The droperidol component of INNOVAR injection may decrease pulmonary 
arteria! pressure. This fact should be considered by those who conduct diag- 
nostic or surgical procedures where interpretation of pulmonary arterial pres- 
sure measurements might determine final management of the patient. 

Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE (fentanyl. should be used with caution in 
patients with chronic obstructive pulmonary disease, patients with decreased 
respiratory reserve, and others with potentially compromised ventilation. in 
such patients narcotics may additionally decrease respiratory drive and in- 
crease airway resistance. Duriog anesthesia this can be managed by assisted 
or controlled respiration. Postoperative respiratory depression caused by nar- 
colic analgesics can be reversed by narcotic antagonists. Appropriate surveil- 
lance should be maintained because the duration of respiratory depression of 
doses of fentany! (as SUBLIMAZE (fentanyl) or INNOVAR} employed during 
anesthesia may be longer than the duration of the narcotic antagonist action. 
Consult individual prescribing information (levallorphan, nalorphine and 
naloxone} before employing narcotic antagonists. 

Should respiration be compromised by muscie rigidity, assisted or controlled 
respiration and possibly a neuromuscular blocking agent will be required. The 
occurrence of muscle rigidity is related to the speed of intravenous injection and 
the incidence can be reduced by slow intravenous injection. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
genera! anesthetics) have additive or potentiating effects with INNOVAR injec- 
tion. When patients have received such drugs, the dose of INNOVAR injection 
required will be less than usual. Likewise. following the administration of IN- 
NOVAR injection, the dose of other CNS depressant drugs should be reduced. 
INNOVAR injection should be administered with caution to patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 

The fentany! component may produce bradycardia, which may be treated with 
atropine; however, INNOVAR injection should be used with caution in patients 
with cardiac bradyarrhythmias, 

When the EEG is used for postoperative monitoring, it may be found thatthe EEG 
pattern returns to normal slowly, 

ADVERSE REACTIONS The most common serious adverse reactions reported 
to occur with INNOVAR injection are respiratory depression, apnea, muscular 
rigidity, and hypotension: if these remain untreated, respiratory arrest, circula- 
tory depression or cardiac arrest could occur. 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed following administration of INNOVAR injection. Restlessness, 
hyperactivity and anxiety which can be either the result of inadequate tranquil- 
ization or part of the symptom complex of akathisia may occur. When ex- 
trapyramidal symptoms occur, they can usually be controlled with anti- 
Parkinson agents. 

Elevated blood pressure, with and without preexisting hypertension, has been 
reported following administration of INNOVAR injection. This might be due to 
unexplained alterations of sympathetic activity following large doses; however, 
it is also frequently attributed to anesthetic or surgical stimulation during light 
anesthesia. 

Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, twitching, blurred vision, laryngospasm. bronchospasm, bradycar- 
dia, tachycardia, nausea and emesis, diaphoresis, emergence delirium and 
postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression). 

Postoperative drowsiness is also frequently reported. 
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Thelocal that 
gives you the longest 
. anesthesia 
gives your patient 
longer postoperative 
analgesia. 













Marcaine: hydrochloride (brand of bupivacaine 
hydrochloride) — available with or without epi- 
nephrine—is the local anesthetic that provides the 
longest duration of action among commonly used 
local anesthetics. Which minimizes the problems 
of “continuous” technique or repeat doses. 

Marcaine also provides longer postoperative 
analgesia. Which reduces the need for postoperative 
narcotics. 

And in data in over 3,000 patients, Marcaine was 
reported to have excellent or satisfactory results 
in more than 96% of cases. 





( — Extended anesthesia for 
| the surgeon 


In regional blocks, Marcaine, with 
or without epinephrine, usually 
provides anesthesia at least 11⁄2 to 2 
times longer than lidocaine or 
mepivacaine. And approximately 
20% longer than tetracaine. 

In fact, anesthesia may extend up 
to 9 hours for peridural block and 
up to 12 hours for peripheral nerve 
block, This has been established 
in several thousand surgical and 
obstetrical patients. '* 

In fact, a single Marcaine epi- 
dural injection, with or without 
epinephrine, may be enough for up 

to 3444 or more? hours of anesthesia 

|... for surgery, and often provides 
analgesia that carries over into the 
recovery room and beyond. When 
necessary, doses may be repeated 
up to once every three hours. Cau- 
tion is advised in administration of 
repeat doses to patients with severe 
liver disease. Until further experi- 
ence is gained, total daily dose of 












_ 400 mg. should not be exceeded nor 
~~ is administration to children under 
12 recommended. Also see epi- 

nephrine warnings and precautions 
statements on next page. 
This longer anesthetic action can 
minimize problems of “continuous” 
technique or repeat doses. Thus, 
there is the further advantage of a 


reduced likelihood of introducing 
infection since injections are less 
frequent.® 
| Chart I 
Duration of anesthesia — — 

Percentage of patients experiencing 

anesthetic effect— 
Comparison of Marcaine with 
epinephrine and other local 

anesthetic/epinephrine preparations? 
& of patients experiencing anesthetic effect 
(at least six hours after injection) 










w Marcaine 96 pts. 
ww letracaine 66 pts. 

,, Mepivacaine 17 pts. 
a Lidocaine 24 pts. 


d o—- oW e pep cq Ld 
<6 7 8 9 10 11 12 13514 
Hours after injection 
“Equipotent doses used for bilateral, simultaneous 

blocks of sciatic/ femoral, intercostal, ar 
brachial/ axillary nerves. Adapted from Moore, 
D. C.: Data in the files of the Sterling-Winthrop 
Research Institute. 


Extended postoperative analgesia 


for the patient 


Marcaine. with or without epineph- 
rine, gives your patient more—con- 
siderably more— postanesthetic 
analgesia than other local anes- 
thetics in various types of nerve 
block. *^^* An analgesia that per- 
sists after the return of motor func- 
tion and even cutaneous sensation.’ 
As a result, you may be able to 
defer! and sometimes even elimi- 
nate,” postoperative narcotics, 
Chart H illustrates the average 
duration of time between the initial 
Marcaine injection and the need 
for postop analgesics. Many of the 
67 patients given Marcaine, with 
or without epinephrine, caudally for 
rectal surgery did not complain of 
pain for 1 | hours or longer follow- 
ing induction. 


* 
E: 


In another group of 40 patients? 
given Marcaine or mepivacaine, 
both with epinephrine, locally for 
tonsillectomy, Marcaine pain relief 
lasted 3 to 5 times longer than that 
provided by mepivacaine. And in a 
study! of 65 patients given 0.5% 
Marcaine with epinephrine caudally 
for rectal o* other perineal surgery, 
complete sensation returned in 
a mean of 81 hours for the average 
patient. And the majority of these 
patients did not require a narcotic fo: 
an additional 1 to 3 hours. 


Chart H 
Duration of time between injection of 
Marcaine, with or without epinephrine, 
and need for postop analgesics? 
No. of 
patients 





hypodermic for pain 
t Average—exclusion of extremes and failures. 
Adapted from Lund, PC.. et al.: Anesth. Analg. 
49:103, Jan-Feb. 1970. 


Excellent clinical acceptance 





Marcaine, with or without epineph- 
rine, was administered to 3,112 
patients for various types of local 
anesthesia.? Of these patients, only 
2 experienced a systemic reaction. 
Although Marcaine has a very wide 
safety margin, adverse reactions 
characteristic of those associated 
with other amide local anesthetics 
may occur. 

Marcaine is indicated for most 
anesthetic blocks; however, until 
further clinical experience is gained 
paracervical block is not recom- 


mended. 


See important product information concerning 
warnings, adverse reactions, patient selection, 
and prescribing and precautionary recommen- 
dations on next page. 


Extends the limits of time in anesthesia" 


Extends the limits of time in postoperative analges 
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CAINE hydrochloride 


Brand of @ e 


üpivacaine hydrochloride 


with or without epinephrine 1:200,000 


(Winthrop) 
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MARCAINE® Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, infil- 
tration, sympathetic block, caudal, or epi- 
dural block. 

Contraindication: Marcaine is contraindi- 
cated in patients with known hypersensi- 
tivity to it. 

Warnings: RESUSCITATIVE EQUIP- 
MENT AND DRUGS SHOULD BE 
READILY AVAILABLE WHEN ANY 
LOCAL ANESTHETIC IS USED. 
Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits 
and there is no evidence of harm to the 
animal fetus. The relevance to the human 
is not known. Safe use in pregnant women 
other than those in labor has not been 
established. 

Until further clinical experience is gained, 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia fre- 
quently follows paracervical block with 
some amide-type local anesthetics and 
may be associated with fetal acidosis. 
Added risk appears to be present in pre- 
maturity, toxemia of pregnancy, and fetal 
distress. 

The obstetrician is warned that severe per- 
sistent hypertension may occur after ad- 
ministration of certain oxytocic drugs, if 
vasopressors have already been used dur- 
ing labor (e.g., in the local anesthetic solu- 
tion or to correct hypotension). 

Solutions containing a vasoconstrictor, 
particularly epinephrine or norepineph- 
rine, should be used with extreme caution 
in patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 
Local anesthetics which contain preserva- 
tives, i.e., those supplied in multiple dose 
vials, should not be used for caudal or epi- 
dural anesthesia. 

Until further experience is gained in chil- 
dren younger than 12 years, administra- 
tion of Marcaine in this age group is not 
recommended. 

Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage, correct technique, adequate pre- 
cautions, and readiness for emergencies. 
The lowest dosage that gives effective 
anesthesia should be used in order to avoid 
high plasma levels and serious systemic 
side effects. Injection of repeated doses of 
Marcaine may cause significant increase 
in blood levels with each additional dose, 
due to accumulation of the drug or its 
metabolites or due to slow metabolic 
degradation. Tolerance varies with the 
status of the patient. Debilitated, elderly 
patients and acutely ill patients should be 
given reduced doses commensurate with 
age and physical condition. 

Solutions containing a vasoconstrictor 
should be used cautiously in areas with 
limited blood supply, in the presence of 
diseases that may adversely affect the pa- 
tient's cardiovascular system, or in pa- 
tients with peripheral vascular disease. 
Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide- 
type local anesthetics. 

Serious dose-related cardiac arrhythmias 
may occur if preparations containing a 
vasoconstrictor such as epinephrine are 
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employed in patients during or following 
the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene, 
or other related agents. In deciding 
whether to use these products concur- 
rently in the same patient, the combined 
action of both agents upon the myocar- 
dium, the concentration and volume of 
vasoconstrictor used, and the time since 
injection, when applicable, should be 
taken into account. 

Caution is advised in administration of 
repeat doses of Marcaine to patients with 
severe liver disease. 

Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A 
major cause of adverse reactions to this 
group of drugs is excessive plasma levels, 
which may be due to overdosage, inad- 
vertent intravascular injection, or slow 
metabolic degradation. 

Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and 
the cardiovascular system. The central 
nervous system effects are characterized 
by excitation or depression. The first man- 
ifestation may be nervousness, dizziness, 
blurred vision, or tremors, followed by 
drowsiness, convulsions, unconsciousness, 
and possibly respiratory arrest. Since 
excitement may be transient or absent, the 
first manifestation may be drowsiness, 
sometimes merging into unconsciousness 
and respiratory arrest. Other central ner- 
vous system effects may be nausea, vomit- 
ing, chills, constriction of the pupils, or 
tinnitus. The cardiovascular manifesta- 
tions of excessive plasma levels may in- 
clude depression of the myocardium, 
blood pressure changes (usually hypoten- 
sion), and cardiac arrest. In obstetrics, 
cases of fetal bradycardia have occurred 
(see Warnings). 

Allergic reactions, which may be due to 
hypersensitivity, idiosyncrasy, or dimin- 
ished tolerance, are characterized by 
cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detec- 
tion of sensitivity by skin testing is of 
doubtful value. 

Reactions following epidural or caudal 
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anesthesia also may include: high or tora 
spinal block; urinary retention; fecal in- 
continence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower ex- 
tremities; headache and backache; and 
slowing of labor and increased incidence 
of forceps delivery. 
Treatment of Reactions. Toxic effects of 
local anesthetics require symptomatic 
treatment; there is no specific cure. The 
physician should be prepared to maintain 
an airway and to support ventilation with 
oxygen and assisted or controlled respira- 
tion as required. Supportive treatment of 
the cardiovascular system includes intra- 
venous fluids and, when appropriate, 
vasopressors (preferably those that stimu- 
late the myocardium). Convulsions may 
be controlled with oxygen and intravenous 
administration, in small increments, of a 
barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thi- 
opental or thiamylal; if this is not avail- 
able, a short-acting barbiturate (e.g., seco- 
barbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by 
those familiar with their use. 
References: 1. Moore, D. C., Bridenbaugh, L. D., 
Bridenbaugh, P O., er al.: Bupivacaine, a review 
of 2,077 cases, J.A. M.A. 214: 713, Oct. 26, 1970. 
2. Moore, D. C., Bridenbaugh, L. D., Briden- 
baugh, P O., et al.: Bupivacaine for peripheral 
nerve block: a comparison with mepivacaine, 
lidocaine and tetracaine, Anesthesiology 32:460, 
May 1970. 3. Hollman, A.: Axillary plexus block: 
a double-blind study of 59 cases using mepivacaine 
and LAC-43, Acta Anaesthesiol. Scand., Suppl. 
21:53, 1966. 4. Bromage, P. R.: A comparison of 
bupivacaine and tetracaine in epidural anesthesia 
for surgery, Can. Anaesth. Soc. J. 16:37, Jan. 1969. 
5. Lund, P. Ce Cwik, J. C., and Vallesteros, F: 
Bupivacaine— a new long-acting local anesthetic 
agent, a preliminary clinical and laboratory report, 
Anesth. Analg. 49:103, Jan.-Feb. 1970. 6. Wise, 
G. F: Guest Discussions, Anesth. Analg. 49:113, 
Jan.-Feb. 1970. 7. Moore, D. C.: Data in the files 
of the Sterling-Winthrop Research Institute. 
8. Puento-Egido, J. J., Dudeck, J., and Nolte, H.: 
The clinical use of the local anesthetic agent 
Marcaine (Carbostesin®), Anaesthesist 16:224, 
August 1967. 9. Data in the files of the Sterling- 
Winthrop Research Institute. (1664MB) | 
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Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make 


each solution isotonic. 


*Solutions of Marcaine that contain epinephrine should not be autoclaved. 


Federal law prohibits dispensing without a prescription. 
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Extends the limits of time in anesthesia" 
Extends the limits of time in postoperative analgesia’ 
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FOR MONITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 
TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This sensitive Doppler probe is easy to 
tape in position for non-invasive detection 
and monitoring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff 
and manometer, systolic blood pressures 
may be obtained even on infants and 
hypotensive patients. 


FOR EARLY DETECTION 
OF VENOUS AIR EMBOLISM 


This sensitive wide-angle Doppler probe is 
particularly well suited for the detection 
of venous air emboli which may occur 
during neurosurgical procedures per- 
formed with the patient in the upright 
position. It also detects motion of the 
heart muscle, heart valves and blood flow. 


VERSATONE D8 DOPPLER 


The Model D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeable probes of various frequencies 
and configurations. It is powered by a 
rechargeable battery and has a built-in 
loudspeaker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset for private listening, and a chart 
recording circuit. The two probes shown 
above are particularly useful to the 
anesthesiologist. Two sizes of pencil 
shaped probes are also available. These are 
useful for intraoperative assessment of 
flow in exposed vessels, as well as for 
transcutaneous flow detection. 


P.O. Box M e 340 Pioneer Way e Mountain View, CA 94042 
Toll-free telephone 800-227-8076 
In California call collect (415) 965-3333 
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NARCOTIC 
ANESTHESIA 


e Despite many advantages, the 
use of opioids to supplement 
nitrous oxide anesthesia may 
be associated with significant 
postoperative depression. 


NARCAN® 
(naloxone HCI) 

e Narcan® in sufficient doses will 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


e [he degree of narcotic 
antagonism exhibited by 
NARCAN® is dose dependent. 


A recent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depression 
and maintain a subjective 
level of analgesia. 


THE OBJECTIVES: 


e Restore consciousness 


e Reverse narcotic-induced 
respiratory depression as 
evidenced by PaCO2 


e Maintain subjective analgesia 


THE METHOD: 


e 12 unpremedicated patients 
received INNOVAR® (fentanyl/ 
droperidol) 5-10 ml I.V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with N20-O». 
Increments of 0.1 mg fentanyl 
were given |.V. every 10 
minutes during surgery. 


Following the procedure, 
naloxone (0.1 mg/ml) was 
given in 0.1 mg l.V. increments 
at 1 minute intervals until the 
patient was awake, lucid and 

1. Heisterkamp DV. Cohen PJ: Anesth Analg (Cleve) 53:12-18, Jan-Feb 1974 had adequate tidal and minute 
NARCAN* is an Endo registered U.S. trademark; U S Pat. 3,254,088 volumes. Additional naloxone 
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was given LV. as needed in the 
first 6 patients; a second 
group of 6 patients received 
supplemental naloxone I.M. 
30 minutes after the initial 

l. V. dose. 


' 11 patients received 10 mg 
morphine |.M., as well as seco- 
barbital and atropine, 11^ hours 
preoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly I. V. followed by 
thiopental and was maintained 
by N50-0;. Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 
first hour. Further morphine 
was given as needed. For 
initial narcotic reversal, 
naloxone was given as above 
except at 2 minute intervals. 
Supplemental naloxone was 
given I.M. 30 minutes later. 


THE RESULTS 
(fentanyl! group): 

' When fentanyl was used as the 
sole narcotic supplement 
during anesthesia, an I. M. dose 
of naloxone equal to half the 
LV. reversal dose and given 15 
hour later provided adequate 
narcotic reversal. 
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THE RESULTS 
(morphine group): 
“After other narcotics, such as 
morphine, an I. M. dose of 
naloxone equal to the I. V. dose 
appears appropriate: 


ARTERIAL CARBON DIOXIDE TENSIONS 
(MEANS £ SE! OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 
NALOXONE TO ANTAGONIZE MORPHINE 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 


Conteca 30 e oe 


TIME (MINUTES, FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


Fig. 2. Control and postoperative PaO. in ti patients 
receiving EV. andi M. naloxone Folloevag morphine 


THE CONCLUSIONS: 


"Naloxone provides fast, 
potent, and reliable antagonism 
to narcotic-induced respiratory 
depression. 


"By careful titration, this antag- 
onism can be achieved while 
acceptable analgesia is 
maintained. 


“Both morphine and fentanyl 
groups had adequate anal- 

gesia. with only 2 patients | of 
total 21] requiring pain medi- 
cation in the recovery room. 
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e reverses all degrees of 
narcotic-induced respiratory — 
depression 

e does not cause narcotic-like 
effects 


e does not augment non- 
narcotic depression 


e acts rapidly —generally within : 
2 minutes following I.V. use — 
and slightly less rapidly when | 
given I.M. T 


e does not lead to tolerance. 


e does not produce psychoto- E 
mimetic effects or pupillary 
constriction 


* can be repeated if initial dose 
doesnt produce desired E 
degree of narcotic reversal — - 
and improvement in respira- 
tory function 


* following satisfactory re- 
sponse patient should be 
observed closely and given 
repeat doses, if necessary, 
since the duration of action of — 
some narcotics may exceed 
that of NARCAN® 


Please see next page for com- 
plete prescribing information. 


€ndo Laboratories, Inc. 


Subsidiary of E.L du Pont de Nemours & Co. Une.) 
Garden City, N.Y. 11530 . 
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E DESCRIPTION NARCAN* (naloxone hydrochloride), a narcotic antagonist, is a synthetic congener 
of oxymorphone. In structure it differs from oxymorphone in that the methyl group on the nitzogen 
.:, atom ts replaced by an ally! group. 


CH CH (CH, 
N 


DP ag 


HO bre © 


NALOXONE HYDROCHLORIDE 
tN-allyl-nor-oxymorphone HEN 





on Naloxone hydrochloride occurs as slightly off-white crystats, and is soluble in water, slightly solu- 
-o ble in alcohol and practically insoluble in ether. 


V. NARCAN® (naloxone hydrochloride) Injection is available in two concentrations, 0.02 mg an: 0.4 
zn; mg of naloxone hydrochloride per mi. Each ml of either strength contains 8.6 mg of sodium zhlo- 
— ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 9 to 1. sH is 
= adjusted with hydrochloric acid. 

^ ACTIONS NARCAN® (naloxone hydrochloride) is an essentially pure narcotic antagonist, i.e. :t 
< does not possess the “agonistic” or morphine-like properties characteristic of other narcoti: 
> antagonists; NARCAN® (naloxone hydrochloride) does not produce respiratory depression, psycho- 
7. temimetic effects or pupillary constriction. In the absence of narcotics or agonistic effects af 

- other narcotic antagonists it exhibits essentially no pharmacologic activity. 


“dn the presence of physical dependence on narcotics NARCAN® (naloxone hydrochioride) wik 

< produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause phisical 

>- or psychological dependence. 

c. When NARCAN® inaloxone hydrochloride) is administered intravenously the onset of action 3 gen- 
~ erally apparent within two minutes; the onset of action is only siightly less rapid when it is 

administered subcutaneously or intramuscularly. The duration.of action is dependent upon che 

dase and route of administration of NARCAN® (naloxone hydrochloride). Intramuscular admnis- 

ration produces a more prolonged effect than intravenous administration. The requirementtor 

repeat doses of NARCAN* (naloxone hydrochloride), however, will also be dependent upon the 

^ amount, type and route of administration of the narcotic being antagonized. 


^ INDICATIONS NARCAN® (naloxone hydrochloride) is indicated for the complete or partial reversat 
. of narcotic depression, including respiratory depression, induced by natural and synthetic rarcot- 
ics, propoxyphene and the narcotic- -antagonist analgesic pentazocine. 

NARCAN® inaloxene hydrochloride) is also indicated for the diagnosis of suspected acute calate 
overdosage. 

CONTRAINDICATIONS NARCAN® (naloxone hydrochiloride) is contraindicated in patients known to 

` þe hypersensitive to it. 


5; WARNINGS NARCAN® {naloxone hydrochloride) should be administered cautiously to persors 
°° including newborns of mothers who are knows or suspected to be physically dependent on 
^. opioids. In such cases an abrupt and complete reversal il narcatic effects may precipitate an 
<u acute abstinence syndrome. 
^" The patient who has satisfactorily responded to NARCAN® {naloxone hydrochloride} should »e kept 
i. under continued surveillance and repeated doses of NARCAN® (naloxone hydrochloride) should be 
administered, as necessary, since the duration of action of some narcotics may exceed thabof 
z^ NARCAN® (naloxone hydrochloride). 
^" NARCAN® (naloxone hydrochloride) is not effective against respiratory depression due to nea- 

". opioid drugs. 

. Usage in Pregnancy Sate use of NARCAN® (naloxone hydrochloride} during pregnancy (other than 
:. labor) has not been established. Animal reproduction studies have not demonstrated teratugenic 
—' or other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, NABCAN® 

.' (naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 

of the physician, the potential benefits outweigh the possible hazards. 


-o PRECAUTIONS In addition to NARCAN® (naloxone hydrochloride), other resuscitative measures 
O^ such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopre:sor 
— agents should be available and employed when necessary to counteract acute narcotic poisoning. 


D in an isolated report two patients with pre-existing ventricular irritability requiring lidocaire, and 
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either isoproterenol or epinephrine for hypotension following cardiopulmonary bypass procedures. 
developed ventricular tachycardia or fibrillation when given NARCAN® (naloxone hydrochloride! 
LV. at 9 and 14 hours, respectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN® (naloxone hydrochloride) 
should be used with caution in patients with cardiac irritability. 


ADVERSE REACTIONS In rare instances nausea and vomiting have been reported in postoperative 
patients receiving NARCAN® (naloxone hydrochloride) in doses higher than that recommended. a 
cause and effect relationship has not been established. 


DOSAGE AND ADMINISTRATION NARCAN® (naloxone hydroctiloride) may be administered intraven- 
ously. intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and if is recommended in emergency situations. 


Since the duration of action of some narcotics may exceed that of NARCAN® (naloxone hydrachlo- 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN* 
tnalexene hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose —Known or Suspected The usual initial adult dose is 0.4 
mg (i mij NARCAN® (naloxone hydrochioride) administered LY., LM. or S.C. Hf the desired degree 
of counteraction and improvement in respiratory function is not obtained immediately following 
LV. administration, it may be repeated | intravenously at 2 to 3 minute intervals. Failure to obtain 
significant improvement after 2 or 3 doses suggests that the condition may be due partly or com- 
pletely to other disease processes or non-opioid drugs. 


Post Operative Narcotic Depression For the partia! reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN* (naloxone hydrochloride) are usually 
sufficient. The dose of NARCAN® {naloxone hydrochioride) should be titrated according to the 
patient's response. Excessive dosage of NARCAN® (naloxone hydrochloride) may result in signifi- 
cant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
induce nausea, vomiting, sweating or tachycardia. 

For the initial reversal of respiratory depression, NARCAN* {naloxone hydrochloride) should be 
injected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
kin degree of reversal i.e. adequate ventilation and alertness without significant pain or dis- 
comfort. 

Repeat doses of NARCAN* (naloxone hydrochioride) may be required within one to two hour inter- 
vais depending upon the amount, type (Le., short or long acting) and time interval since last 
administration of narcotic. Supplemental intramuscular doses have heen shown to produce a 
tonger lasting effect. 

USAGE IN CHILDREN Narcotic Overdose—Known or Suspected The usual initial child dose is 
0.01 mg/kg body weight given LV., LM. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. If necessary, NARCAN* (naloxone hydrochloride) can be diluted 
with sterile water for injection. 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered LV., LM. or S.C. This dose may be repeated in accordance with adutt 
administration guidelines, 

HOW SUPPLIED 0.4 mg/ml of NARCAN® (naloxone ida: hiorideM for or intravenous, intramuscular 
and subcutaneous administration. 

Available in 1 m! ampuis in boxes of 10 and 100. 

0.02 mg/ml of NARCAN® (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra- 
muscular and subcutaneous administration. 

Available in 2 mi ampuls in boxes of 10 and 100 ampuis. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY [n the mouse and rat the intravenous LOso is 150 +5 
mg/kg and 109 +4 mg/kg respectively. in acute subcutaneous toxicity studies in newborn rats 
the LDsa (95% CL} is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effects 
were seen at 10 mg/kg/day for 3 weeks. 

Reproductive studies including fertility, general reproductive performance, embryotoxicity, tera- 
togenicity, and lactation did not show any abnormality in mice and rats at 10 mp/kg/day. 
NARCAN® (naloxone hydrochloride) Amauls 

Stocked in Military Depot, NSN 8505-00-079-7867 


Endo Laboratories, Inc. 


Subsidiary of E.1. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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"Pharmacology for Anesthesia" will review clinical pharmacology as it is related 
to anesthetic practice. This course will be presented by the Anesthesiology Educa- 
tional Foundation on September 23-25, 1977, at the Del Monte Hyatt House, Mon- 
terey, California. 


For more information write to: Ronald Katz, M.D., Professor and Chairman, 
Department of Anesthesiology, UCLA School of Medicine, Los Angeles, California 
90024. 


* * * 


Dr. Bruce F. Cullen, Professor and Chairman, Department of Anesthesiology, 
University of California, Irvine, has been appointed a member of the Board of 
Trustees of the International Anesthesia Research Society to succeed Dr. T. H. 
Seldon whose resignation became effective at the Annual Congress held in Holly- 
wood, Florida, March 6-10, 1977. 
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ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and ANALGESIA . . . Current Researches, effective 





FROM—(Current or former address) TO—(New Address) 
Street Address Street Address 
City, State, Zip Code City, State, Zip Code 


Important: Show your name and address exactly 
as your Journal is now addressed. Print Your Name 
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for summary of product information. 

1. Johnston, R. R., et al: A comparative interaction of epinephrine with enflurane, 
isoflurane, and halothane in man: Epinephrine induced PVC's and anesthesia. 
Anes & Analg, Sept/Oct, 1976. 

2. Reisner, L. S., Lippmann, M.: Ventricular arrhythmias after epinephrine injection 
in enflurane and in halothane anesthesia, Anesth & Analg 54:468-470, 1975. 

3. Lippmann, M., Reisner, L. S: Epinephrine injection with enflurane anesthesia: 

Incidence of cardiac arrhythmias. Anesth & Analg 53:868-889, 1974. 

S&onchigeri, H. N., et al: Effect of epinephrine during enflurane anesthesia. 

if 3:894-897, 1974, 

«etalk Hemodynamic and catecholamine studies during pheochromo- 
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oma resection underenflurane anesthesia. Anesthesiology 44:265-268, 1976. 
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CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION 
ETHRANE l(enflurane) is a nonflammable anesthetic agent. it is 2-chioro- 
1,1,2-trifluoroethyl difiuoromethyl ether, and its structural formula is: 


Enfluran 


CIF F 
H-C-C-O-C-H 
FF F 
Some physical constants of the compound are: 
Malecular weight 184.5 
Boiling point 760 mm Hg. 56.5^C 
Retractive index n a 1.3026-1.3030 
Specific gravity 25°/25°C 1.517 
Vapor pressure in mm Hg.** z0?C 174.5 
25°C 217.7 
36°C 345.2 
**Equation for calculation of enflurane vapor pressures: 


zm 
= 


B= ~ 1678.4 


8 
logio P=A+ = 
gio T T= °C + 273.16 (Kelvin) 


Partition coefficients @ 37°C 


Water-gas 0.82 
Biood-gas 1.91 
Oil-gas 98.5 
Partition coefficients @ 25°C-rubber and plastic 
Conductive rubber 74.0 
Buty! rubber 90.0 
Polyvinyichloride 120.0 
Polyethylene «26060 
Polyurethane wis 
Polyolefin «1,2 
Buty! acetate _ 3g 
Solubility of enflurane in H4O at 22°C 0.27596 
Solubility of H20 in enflurane 0.13% 
Purity by gas chromatography “> 99.8% 
Flammability in air None 
Flammability in oxygen None 


(Entire concentration range to saturation 
at 71 and 1139F and 743 mm Hg. pressure.) 
M.A.C. (Minimum alveolar concentration) 
Man with pure oxygen 1.68 
Man with 7096 nitrous oxide 0.56 (est.) 


ETHRANE is a clear, colorless, stable liquid without added chemical sta- 
bilizers. ETHRANE has a mild, sweet odor. Storage of samples in indirect 
sunlight in cfear, colorless glass for a five year period, as well as direct 
exposure for 30 hours to a 2 amp, 115 V., 60 cycle long wave U.V. light, 

roduced no changes in composition detectable by gas chromatography. 

THRANE in one normal sodium methoxide-methanol solution, a strong base, 
for over six months consumed none of the alkali, indicative of strong base 
stability. ETHRANE does not decompose in contact with soda lime. ÉTHRANE 
does not attack aluminum, tin, brass, iron or copper. 


ACTIONS 


ETHRANE (enflurane) is an inhalation anesthetic. Induction and recovery 
from anesthesia with ETHRANE are rapid. ETHRANE does not appear to 
stimulate excess salivation or tracheobronchial secretions, or affect bron- 
chomotor tone. Pharyngeai and laryngeal reflexes are readily obtunded. The 
level of anesthesia changes rapidly with ETHRANE. ETHRANE reduces ven- 
tHation as depth of anesthesia increases. ETHRANE provokes a sigh response 
reminiscent of that seen with diethy! ether. 

There is a decrease in blood pressure with induction of anesthesia, fol- 
lowed by a return to near normal with surgical stimulation. Progressive in- 
creases in depth of anesthesia produce corresponding increases in hypo- 
tension. Heart rate remains relatively constant without significant bradycardia. 
Electrocardiographic monitoring or recordings indicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arterial blood does 
not alter cardiac rhythm, 

While ETHRANE has been shown to sensitize the myocardial conduction 
$ystem to epinephrine in the dog and may produce serious arrhythmias, 
studies in cats and man indicate considerable margin of safety in the admin- 
istration of epinephrine containing solutions during ETHRANE anesthesia. 
ÉTHRANE anesthesia has been used in medical conditions involving high 
levels of endogenous catecholamines, as well as surgical procedures jin- 
volving carefully administered quantities of epinephrine containing solutions. 
On the basis of this experience, up to 10 mi. of 1:100,000 or 1:200,000 epine- 
phrine containing solution alone or in conjunction with local anesthetics may 
be injected subcutaneously at a rate of not more than 10 mi. per minute and 
no more than 30 mi. per hour, More dilute solutions and reduced dosages 
should be used in highly vascular areas. All customary precautions in the 
use of vasoconstrictor substances should be observed. 

Muscle relaxation is adequate for intra-abdominal operation at normal 
levels of anesthesia. Should greater. relaxation be necessary, minimal doses 
of muscie relaxants may be used. AH commonly used muscle relaxants are 
compatible with ÉTHRANE, THE NONDEPOLARIZING MUSCLE RELAXANTS 
ARE MARKEDLY POTENTIATED. Neostigmine does not reverse the direct 
effect of ETHRANE. 

Biotransformation of ETHRANE ín man results in low levels of serum 
fluoride ions averaging 15 mM/L. These levels are well below the 50 mM/L 
seen to produce renal damage in normal subjects; however, it is possible 
that these levels could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation. 
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INDICATIONS 
ETHRANE (enfiurane) may be used for induction and maintenance of general 
anesthesia, Adequate data have not been developed to establish its applica- 
tion in obstetrical anesthesia, 


CONTRAINDICATIONS 
Seizure disorders (see WARNINGS}. 

Known sensitivity to ÉTHRANE ienflurane) or other halogenated anesthet- 

ics, 

WARNINGS 

Increasing depth of anesthesia with ETHRANE (enflurane) produces a change 
in the electroencephalogram characterized by high voltage, fast frequency, 
progressing through spike-dome complexes alternating with periods of elec- 
trical silence to frank seizure activity. The latter may or may not be asso- 
ciated with motor movement, Motor activity, when encountered, generally 
consists of twitching or “jerks” of various muscle groups; it is self-limiting 
and can be terminated by lowering the anesthetic concentration, This elec- 
treencephatographic pattern associated with deep anesthesia is exacerbated 
by hyperventilation producing low arterial carbon dioxide tension. The pat- 
tern serves as a warning that depth of anesthesia is excessive. Cerebral 
blood flow and metabolism studies in norma! volunteers during seizure pat- 
terns show no evidence of cerebral hypoxia, and recovery appears to be 
uncomplicated, 

Since levels of anesthesia may be altered easily and rapidty, only cali- 
brated vaporizers which measure output with reasonable accuracy should 
be used. Hypotension and respiratory exchange can serve as a guide to 
anesthesia depth. With deep levels of anesthesia, more marked hypotension 
and respiratory depression are encountered. 

The action of nondepolarizing relaxants is augmented by ETHRANE. Less 
than the usual amounts of these drugs should be used. The time for recovery 
from the myoneural effect of these relaxants is greater in the presence of 
ETHRANE than for other commonly used anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been established. Repro- 
duction studies have been performed in rats and rabbits, and there is no 
evidence of harm to the anímal fetus. The relevance of these studies to the 
human is not known, Since there is no adequate experience in pregnant 
women who have received the drug, safety in pregnancy has not been estab- 
fished. 


PRECAUTIONS 
Bromsulfalein (BSP) retention is mildly elevated postoperatively in some 
cases. There is some elevation of glucose and white blood count intra- 
operatively. Glucose elevation should be considered in diabetic patients. 
THRANE fenflurane} should be used with caution in patients who by virtue 
of medical or drug history could be considered more susceptible to cortical 
stimulation produced by this drug. As with other general anesthetics and 
EE ali relaxants, hyperpyrexia has been observed with the use of 
THRANE, 


ADVERSE REACTIONS 


1. Motor activity exemplified by movement of various muscie groups and/or 
Meis may be encountered with deep levels of ETHRANE lentlurane) anes- 

esia. 

2. Hypotension and respitatory depression have been reported. 

3, Arrhythmias, shivering, nausea, and vomiting have been reported. 

4. Elevation of the white blood count has been observed. it has not been 
determined whether this is related to ETHRANE or to surgical stress. 


DOSAGE AND ADMINISTRATION 


The concentration of ETHRANE (enflurane) being delivered during anesthesia 
from a vaporizer should be known. This may be accomplished by using: 

a) vaporizers calibrated specifically for ETHRANE; 

b) vaporizers from which delivered flows can easily and readily be 

caiculated. 

Maintenance concentration should not exceed 3%. Premedication should 
be selected according to the need of the individual patient, taking into 
account that secretions are weakly stimulated by ETHRANE and the heart 
rate remains constant, The use of anticholinergic drugs is a matter of choice. 


Induction: induction may be achieved using ETHRANE alone with oxygen 
or in combination with oxygen-nitrous oxide mixtures. Under these conditions 
some excitement may be encountered. If excitement is to be avoided, a hyp- 
notic dose of a short-acting barbiturate should be used to induce uncon- 
sciousness, followed by the ETHRANE mixture. in general, inspired con- 
centrations of 3.5-4.5% ETHRANE produce surgical anesthesia in 7-10 
minutes. 


Maintenance; Surgical levets of anesthesia may be attained with 1.5-3.0% 

concentration. if added relaxation is required, supplemental doses of muscle 
relaxants may be used. Ventilation to maintain the tension of carbon dioxide 
in arterial bicod in the 35-45 mm range is preferred to hyper- or hypoven- 
tilation in order to minimize possible CNS excitation. 
. The tevel of blood pressure during maintenance is an inverse function of 
ETHRANE concentration in the absence of other complicating problems. 
Excessive decreases (uniess related to hypovolemia} may be due to depth of 
anesthesia and in such instances should be corrected by lightening the ievel 
of anesthesia. 


Overdosage: in the event of overdosage, or what may appear to be over- 
dosage, the following action should be taken: 

Stop drug administration; establish that the airway is Clear and initiate 

assisted or controlled ventilation with pure oxygen as circumstances 

dictate. 


ADMINISTRATION EQUIPMENT 

ETHRANE (enflurane) may be administered from a flow-through type vapor- 
izet manufactured and specitically calibrated for ETHRANE. Vaporizers which 
deliver saturated vapor at reasonable flows but are not specifically calibrated 
for ETHRANE may be used. A reasonably accurate estimation of detivered 
ÉTHRANE concentration may be made by use of the nomograph on the 
reverse side. 

ETHRANE contains no stabilizer. Nothing is present in the agent to alter 
calibration or affect the operation characteristics of the vaporizer, 


PACKAGING 


EÉTHRANE {enflurane) is packaged in 125 and 250 mi. amber bottles. No 
additives or stabilizers are present. 
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ALL NEW 
AND NOW 
AVAILABLE ... 


THE 

BERMAN II 

INTUBATING/PHARYNGEAL 
AIRWAY 





e Newly designed .. . “hinged” 7 
e Can be used as any pharyngeal airway 
e 3 SIZES! LARGE (Adult)... ..100mm 

pom to ERE 90mm 

LEID GonecintiaA ero cidsudzatind dd medanctattbdi a: 80mm 


e A widened anterior posterior diameter allows for more space between tongue 
and pharynx providing a better airway 


e The laryngoscopic tip on the anterior wall of this airway fits into the vullecula and 
exerts forward pull on the tongue 


e Airway is ideal for passing tubes into the esophagus and larynx 


e Airway may be easily removed from intubating tube 


1-4 e The unusual design of this airway allows it to be 


NE ee ee eee +4: ! ' Opened longitudinally and set aside in the mouth 
^-^ while endotracheal tube remains in place 


———————————— -— 
eo 9 


e Fiber optic bronchoscope and gastroscope can be passed 
through this airway and protected against teeth of patient 






e Recommendation for blind intubation technique available on request 
e This airway is especially useful in cardio pulmonary resuscitation 
pd e Paramedics can be readily trained to use it safely 


e Most useful in difficult intubations . . . especially where larynx cannot be vis- 
ualized . . . with topical anesthesia can be used in awake intubations 


MAIL COUPON ron SAMPLE SET OF 3 SIZES 
EMERGENCY KIT CORP., Dept. 812 
1841 Broadway, New York, N.Y. 10023 
Send me one sample set of Berman |! 


Intubating/Pharyngeal Airways in 3 sizes. 
Enclosed is check for $3.00 for post paid shipment. 


A QUALITY PRODUCT OF 


EMERGENCY 


KIT C 


1841 BROADWAY, 
NEW YORK, N.Y. 10023 








Dr (please print) 





Addre SS 





City i State Zip 





Hospital affiliation 
Money will be refunded if you are not satisfied. 
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E xj 
R“D-EMERSON 
RELAXAID ® 





for CORRECT RELAXANT DOSAGE— 
AVOIDANCE OF OVERDOSE— 
PROMPT RECOVERY — 


The stimulator is programed to deliver pulses, through electrodes, to the 
ulnar nerve. A flexible pneumatic bulb is placed in the patient’s hand, with his 
fingers held against it by tape. The bulb is then air-filled to a pressure of 20 cm. 
H,O. As the fingers flex, even slightly, compression of the bulb is registered on 
an aneroid gauge. The pattern of these responses keeps the anesthetist in- 
formed of the relaxant’s effectiveness. 


The more precise monitoring provided by the RELAXAID® enables relaxant 
levels to be kept adequate but without overdose. During recovery the RE- 
LAXAID® shows the return of strength to the patient’s muscles. 


Please request Form 91-E2 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 
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Proceed with PAVULON. 


pancuronium bromide 








No matter where 
the surgeon's 
Incision 


—whatever the part of the body, or the 
age of the patient, or the cause of sur- 
gery, or the system or systems involved 
—there's a good chance that Pavulon 
can provide easy, uncomplicated, opti- 
mal, neuromuscular blockade. 


Initial doses of Pavulon, given to facili- 
tate endotracheal intubation, take 
effect in approximately 45 seconds and 
reach their peak at about 2-3 minutes. 
Once effective blockade is established, 
it can be maintained with incremental 
doses of 1 mg or less. 


Pavulon is well tolerated, even in the 
very old, the very young and the very 
fragile. Histamine release rarely, if ever, 
occurs; there is little, if any, ganglionic 
blockade and little effect upon the cir- 
culatory system other than an occa- 
sional slight rise in pulse rate and blood 
pressure. There is no muscle pain, no 
known effects on consciousness, pain 
threshold or cerebration. 


With proper procedure, reversal of 
Pavulon is relatively simple and 
generally uneventful. An appropriate 
antagonist, such as pyridostigmine 
bromide, can be used. With adequate 
dosage of the reversal agent, there is 
relatively little risk of recurarization. In 
cases of prolonged respiratory depres- 
sion, other factors (drug interaction, 
acidosis, hypokalemia, etc.) should be 
considered. 


KEY: 1. Polypectomy 2. Appendectomy 3. Spinal 
fusion 4. Nephrolithotomy 5. Open heart surgery 
6. Cesarean section 7. Craniotomy 8. Aortic-femoral 
graft 9. Cataract removal 10. Diverticulectomy 
(Meckel's) 


Please see last page of advertisement 
for complete prescribing information. 





Proceed with PAVULON 


pancuronium bromide 


clinically proven nondepolarizing muscle relaxant 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 









DESCRIPTION: Pavulon (pancuronium bromide) is the aminosteroid 2 
beta, 16 beta-dipiperidine-5 alpha-androstane-3 alpha, 17-beta-diol dia- 
cetate dimethobromide. It has the following structural formula: 





CH,COO H 


ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction. 

Pavulonis approximately 5 times as potent as d-tubocurarine 
chloride. 

The onset and duration of action of Pavulon is dose dependent. With the 
administration of 0.04 mg. per kg. the onset of action, as measured by a 
peripheral nerve stimulator, is usually within 45 seconds, and its peak 
effect is usually within 4/5 minutes; recovery to 90% of contro! twitch 
height usually takes place in less than one hour. Larger doses, more 
suitable for endotracheal intubation, such as 0.08 mg. per kg. of Pavulon 
have an onset of action of about 30 seconds, and a peak effect within 3 
minutes. Supplemental incremental doses of Pavulon, following the initial 
dose, slightly increase the magnitude of blockade, and significantly 
increase the duration of the blockade. 

Pavulonhas little effect uponthe circulatory system. The most frequently 
reported observation is a slight rise in pulse rate. 

Human histamine assays, and clinical observations, as well as in VIVO 
guinea pig testing, and in vitro mast cell testing, indicate that histamine 
release rarely, if ever, occurs. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, anti- 
cholinesterases, and potassium ion. Its action is increased by inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane, as well as quinine, magnesium salts, hypokalemia, some carcin- 
omas, and certain antibiotics such as neomycin, streptomycin, clindamycin, 
kanamycin, gentamicin and bacitracin. The action of Pavulon may be altered 
by dehydration, electrolyte imbalance, acid-base imbalance, renal disease, 
and concomitant administration of other neuromuscular agents. 

Pavulon has no known effect on consciousness, the pain threshold, or 
cerebration. 

INDICATIONS: Pavulon is indicated as an adjunct to anesthesia to induce 
skeletal muscle relaxation. It may also be employed to facilitate the 
management of patients undergoing mechanical ventilation. 
CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 

WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES 
FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients. 
USAGE IN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment of 
the physician the potential benefits outweigh the unknown hazards. 

Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving mag- 
nesium sulfate for toxemia of pregnancy, because magnesium salts enhance 
neuromuscular blockade. Dosage should usually be reduced, as indicated, 
in such cases. 

PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, i iy or renal disease, caution 
should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 

ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug s pharma- 
cological actions beyond the time period needed for surgery and anesthe- 


A PART OF ^"«ZOn81NC 


sia. This may vary from skeletal muscle weakness to profound and 
prolonged skeletal muscle relaxation resulting in respiratory insufficiency 
or apnea. Inadequate reversal of the neuromuscular blockade by anticho- 
linesterase agents has also been observed with Pavulon (pancuronium 
bromide) as with all curariform drugs. These adverse reactions are managed 
by manual or mechanical ventilation until recovery is judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light 
anesthesia, especially if no anticholinergic premedication is used. 

" Skin: An occasional transient rash is noted accompanying the use of 
avulon. l 

Respiratory: One case of wheezing, responding to deepening of the 

inhalational anesthetic, has been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action of 
Pavulon is increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane. No increase in intensity of blockade or duration of action of Pavulon 
isnotedfromthe use of thiobarbiturates, narcotic analgesics, nitrous oxide, 
or droperidol. 

Prior administration of succinylcholine, such as that used for endo- 

tracheal intubation, enhances the relaxant effect of Pavulon and the 
duration of action. If succinylcholine is used before Pavulon, the adminis- 
tration of Pavulon should be delayed until the succinylcholine shows signs 
of wearing off. 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only by 
or under the supervision of experienced clinicians. DOSAGE MUST BE 
INDIVIDUALIZED IN EACH CASE. The dosage information which follows 
has been derived from dose-response studies based on body weight and is 
intended to serve as a guide only. Since potent inhalational agents or prior 
administration of succinylcholine enhance the intensity of blockade and 
duration of Pavulon (see DRUG INTERACTION), these factors should be 
taken into consideration in selection of initial and incremental dosage. 

In adults the initial intravenous dosage range is 0.04 to 0.1 mg. per kg. 
Later incremental doses starting at 0.01 mg. per kg. may be used. These 
increments slightly increase the magnitude of the blockade, and signifi- 
cantly increase the duration of blockade, because a significant number of 
myoneural junctions are still blocked when there is clinical need for more 
drug. 
If Pavulonisused to provide skeletal muscle relaxation for endotracheal 
intubation, doses of 0.06 to 0.1 mg. per kg. are recommended. Conditions 
satisfactory for intubation are usually present within 2 to 3 minutes. The 
ability of the anesthetist to intubate with Pavulon improves with experience. 

Dosage in Children: Dose response studies in children indicate that, with 
the exception of neonates, dosage requirements are the same as for adults. 
Neonates are especially sensitive to non-depolarizing neuromuscular 
blocking agents, such as Pavulon, (pancuronium bromide) during the first 
month of life. It is recommended that a test dose of 0.02 mg. per kg. be given 
first in this group to measure responsiveness. 

Cesarean Section: The dosage to provide relaxation for intubation and 
operation is the same as for general surgical procedures. The dosage to 
provide relaxation, following usage of succinylcholine for intubation (see 
DRUG INTERACTION), is the same as for general surgical procedures. 
MANAGEMENT OF PROLONGED NEUROMUSCULAR BLOCKADE: 
Residual neuromuscular blockade beyond the time period needed for 
surgery and anesthesia may occur with Pavulon as with other neuromus- 
cular blockers. This may be manifested by skeletal muscle weakness, 
decreased respiratory reserve, low tidal volume or apnea. A peripheral nerve 
stimulator may be used to assess the degree of residual neuromuscular 
blockade. Under such circumstances the primary treatment is manual or 
mechanical ventilation and maintenance of a patent airway until complete 
recovery of normal respiration is assured. Regonol (pyridostigmine bro- 
mide) or neostigmine, in conjunction with atropine, will usually antagonize 
the skeletal muscle relaxant action of Pavulon. These should be accom- 
panied by or preceded by injection of atropine sulfate to minimize the 
incidence of cholinergic side effects, notably excessive secretions and 
bradycardia. Satisfactory reversal can be judged by adequacy of skeletal 
muscle tone, and by adequacy of respiration. A peripheral nerve stimulator 
may also be used to monitor restoration of twitch height. Failure of prompt 
reversal (within 30 minutes) may occur in the presence of extreme 
debilitation, carcinomatosis, and with concomitant use of certain broad 
spectrum antibiotics, or anesthetic agents and adjuncts which enhance 
neuromuscular blockade or cause respiratory depression of their own. 
Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade; ventilation must be supported by 
artificial means until the patient has resumed control of his respiration. 
Priortothe use of reversal agents, reference to the specific package insert 
of the reversal agents should be made. 

CAUTION: Federal law prohibits dispensing without prescription. 
HOW SUPPLIED: 
2 ml. ampuls — 2 mg./ml.— boxes of 25, NDC #0052-0444-26 - 
5 ml. ampuls— 2 mg./ml.— boxes of 25, NDC #0052-0444-25 
10 mi. vials — 1 mg./ml.— boxes of 25, NDC #0052-0443-25 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 
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in selected cases of shock 


24mg/ml 


INJECTION 


DECADRON cow 


(DEXAMETHASONE SODIUM PHOSPHATE | MSD) 


Contraindications: Systemic fungal infections (See Warnings re ampho- 
tericin B); hypersensitivity to any component. 

Warnings: Corticosteroids may exacerbate systemic fungal infections and 
should not be used in presence of such infections unless needed to control 
reactions to amphotericin B; there have been cases reported in which 
concomitant use of amphotericin B and hydrocortisone was followed by 
cardiac enlargement and congestive failure. In patients subjected to unusual 
stress, increase dosage of rapidly acting corticosteroids before, during, and 
after the stressful situation. Corticosteroids may mask some signs of 
infection: new infections, decreased resistance, and inability to localize 
infection may occur. Moreover, corticosteroids may affect the nitroblue- 
tetrazolium test for bacterial infection and produce false negative results. 
Prolonged use of corticosteroids may produce posterior subcapsular cataracts 
and glaucoma with possible damage to optic nerves and may enhance the 
establishment of secondary, fungal or viral ocular infections. 

Usage in pregnancy: in pregnancy or women of childbearing potential, weigh 
anticipated benefits against possible hazards to mother and embryo or fetus. 
infants of mothers on substantial doses of corticosteroids during pregnancy 
should be carefully observed for signs of hypoadrenalism. Corticosteroids 
appear in breast milk and could suppress growth, interfere with endogenous 
corticosteroid production, or cause other unwanted effects: mothers taking 
pharmacologic doses of corticosteroids should be advised not to nurse. 
Elevation of blood pressure, salt and water retention, and increased excretion of 
potassium may occur with large doses of synthetic corticosteroids; dietary 
salt restriction and potassium supplementation may be necessary. All 
corticosteroids increase calcium excretion. Patients on corticosteroids should 
not be vaccinated against smallpox and other immunization procedures should 
not be undertaken: this warning does not apply to those receiving cortico- 
steroids as replacement therapy, e.g., for Addison s disease. 

In active tuberculosis, use should be restricted to fulminating or disseminated 
tuberculosis and should be in conjunction with appropriate antituberculous 
regimen; in latent tuberculosis or tuberculin reactivity, close observation 1s 
necessary as reactivation of the disease may occur. and patients should receive 
chemoprophylaxis during prolonged corticosteroid therapy. 

Because rare instances of anaphylactoid reactions have occurred in patients 
receiving parenteral corticosteroid therapy, appropriate precautionary 
measures should be taken prior to parenteral administration. especially in 
patients with history of drug allergy. 

Precautions: This steroid is sensitive to heat and should not be autoclaved. 
Drug-induced secondary adrenocortical insufficiency, which may be minimized 
by gradual reduction of dosage, may persist for months after discontinuation of 
therapy. In any situation of stress occurring during that period, hormone 
therapy should be reinstituted. If patient already is receiving steroids, dosage 
may have to be increased. Since mineralocorticoid secretion may be impaired, 
salt and/or mineralocorticoid should be administered concurrently. 

in hypothyroidism and in cirrhosis, there is an enhanced effect of corti- 
costeroids. Use cautiously in patients with ocular herpes simplex for fear of 
corneal perforation. 

The lowest possible dose should be used, and when reduction in dosage is 
possible, it must be gradual. Psychic derangements may appear, ranging from 
euphoria, insomnia, mood swings, personality changes, and severe depression 
to frank psychotic manifestations, and existing emotional! instability or 
psychotic tendencies may be aggravated. Psychological and/or physiological 
dependency may develop with long-term use: withdrawal symptoms include 
anorexia, vague pains, weakness, and lethargy. in hypoprothrombinemia, use 
aspirin cautiously in conjunction with corticosteroids. 

Use with caution in nonspecific ulcerative colitis, if there is a probability of 
impending perforation. abscess. or other pyogenic infection: also in 
diverticulitis, fresh intestinal anastomoses, active or latent peptic ulcer, renal 
insufficiency, hypertension, osteoporosis, and myasthenia gravis. Fat 





embolism has been reported as a possible complication of hypercortisonism. 


When large corticosteroid doses are given, some authorities advise that 
antacids be administered between meals to help to prevent peptic ulcer. 

Growth and development of infants and children on prolonged therapy should 
be carefully followed. Motility and number of spermatozoa may be increased or 
decreased. Phenytoin, phenobarbital, and ephedrine may enhance the metabolic 
Clearance of corticosteroids, resulting in decreased blood levels and lessened 
physiologic activity, thus requiring adjustment in corticosteroid dosage; this 
interaction may interfere with the dexamethasone suppression test which 
should be interpreted with caution during administration of these drugs. Pro- 
thrombin time should be checked frequently in patients receiving concomitant 








coumarin anticoagulants because of reports that corticosteroids have altered 
the response to these anticoagulants; studies have shown the usual effect to 
be inhibition of response to coumarins, although there have been some reports 
of potentiation. When corticosteroids are administered concomitantly with 
potassium-depleting diuretics, patients should be observed closely for 
development of hypokalemia. 

intra-articular injection may produce systemic as well as local effects. 
Appropriate examination of any joint fluid present is necessary to exclude a 
septic process. Marked increase in pain accompanied by local swelling, further 
restriction of joint motion, fever, and malaise is suggestive of septic arthritis; if 
this complication occurs and diagnosis of sepsis is confirmed, appropriate 
antimicrobial therapy should be instituted. Injection of a steroid into an infected 
siteis to be avoided. Corticosteroids should not be injected into unstable joints. 
Patients should be impressed strongly with the importance of not overusing 
joints in which symptomatic benefit has been obtained as long as the 
inflammatory process remains active. Frequent intra-articular injection may 
result in damage to joint tissues. In intercostal neuritis and neuralgia, guard 
against entering the pleura; sudden sharp pain during injection may mean the, 
pleura has been penetrated. The slower rate of absorption by intramuscular? 
(compared to intravenous) administration should be recognized. 

Adverse Reactions: Fluid and electrolyte disturbances— Sodium retention: 
fluid retention; congestive heart failure in susceptible patients; potassium 
loss; hypokalemic alkalosis; hypertension. Musculoskeletal — Muscle 
weakness; steroid myopathy; loss of muscle mass; osteoporosis: vertebral 
compression fractures; aseptic necrosis of femoral and humeral heads; 
pathologic fracture of long bones. Gastrointestinal— Peptic ulcer with 
possible subsequent perforation and hemorrhage; pancreatitis: abdominal 
distention: ulcerative esophagitis. Dermatologic— impaired wound healing; 





due to protein catabolism. Other— Anap 
reactions; thromboembolism: weight gain; increased appetite; nausea; 
malaise; psychological and/or physiological dependency. Additional adverse 
reactions related to parenteral corticosteroid therapy: Rare instances of 
blindness associated with intralesional therapy around the face and head; 
hyperpigmentation or hypopigmentation: subcutaneous and cutaneous 
atrophy; sterile abscess; postinjection flare (following intra-articular use); 
Charcot-like arthropathy. 

Note: injection, 4 mg/ml — For intravenous, intramuscular, intra-articular, 
intrafesional, and soft-tissue injection. Injection, 24 mg/ml— For 
intravenous injection only. DOSAGE REQUIREMENTS ARE VARIABLE AND 
MUST BE INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENT. 

How Supplied: injection in two concentrations: Injection, 4 mg/ml, in 1-ml 
disposable syringes and 1-mi, 5-ml, and 25-ml vials, containing per ml: dexa- 
methasone sodium phosphate equivalent to 4 mg dexamethasone phosphate 
or 3.33 mg dexamethasone; Inactive ingredients per ml: 8 mg creatinine, 
10 mg sodium citrate, sodium hydroxide to adjust pH. water for injection q.s. 
with 1 mg sodium bisulfite, 1.5 mg methylparaben, and 0.2 mg propylparaben 
added as preservatives; Injection, 24 mg/ml, in 5-mi and 10-m! vials, 
containing per ml: dexamethasone sodium phosphate equivalent to 24 mg 
dexamethasone phosphate or 20 mg dexamethasone; Inactive ingredients per' 
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for more detailed information, consult your MSO 
representative or see full prescribing information. 
Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point, Pa, 19486 46D102R 1 (1121 


iu 


mi: 8 mg creatinine, 10 mg sodium citrate, 0.5 mg disodium edetate, sodium 
hydroxide to adjust pH, water for injection q.s., with 1 mg sodium bisulfite, 
1.5 mg methylparaben, and 0.2 mg propylparaben added as preservatives. 


in shock 


unresponsive to conventional therapy 
if adrenocortical insufficiency is suspected 
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DECADRON Peso: 


(DEXAMETHASONE SODIUM PHOSPHATE | MSD) 
nigh potency Ħlow volume 


240 mg — 10-ml vial 1 Bre E, * 
equivalent to 1000 mg m ^ , es 120 mg —5-mi vial 
methylprednisolone i SPHA) ; ~ Z equivalent to 500 mg 
P methylprednisolone 
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NOW- 
for chronic pulmonary disease 


associated with 
acute hypercapnia — 


Dopram 
Injectable 
Joxapram HU Injection NF 














Dopram Injectable, 

Hobins unique 

respiratory stimulant, — 

is now also indicated 

for hospitalized 

patients with acute 

respiratory insufficiency 

Superimposed on 

chronic obstructive 4 
pulmonary disease. : 


Its use is for periods of 
short duration (approx- 
imately two hours) as an 
aid in the prevention of 
elevation of arterial CO; 
tension during adminis- 
tration of oxygen. 
Doxapram should not be 
used in conjunction with 
mechanical ventilation. 





y Double-Blind study with 
Doxapram and Placebo 


The Study: 


Primary objective—to determine whether infusion of a 
respiratory stimulant (doxapram) in patients with chronic 
obstructive pulmonary disease and acute respiratory in- 
sufficiency could maintain arterial carbon dioxidetension 
and pH at stable levels during the administration of Sup- 
plementary oxygen. Eight respiratory services across 
the nation, experienced in management of patients with 
acute respiratory insufficiency, participated. Thus, multi- 
ple management approaches were represented. 78 pa- 
tients: 40 on doxapram, 38 on placebo. First two hours 

^ after admission constituted the study period with either 
doxapram or placebo being given intraveneously at 2 to 
3 mg per minute. 


Results: 





HESPONSE DOXAPRAM PLACEB 

NO. % Noe * 
DH or PaCO> satisfactory 32 80 22 58 
pH or PaCOz unsatisfactory 7 18 14 37 
Insufficient data* 1 3 2 5 
Total 40 100 .—38 4100 


"Patients who did not have at least 1 pH & P3CO» determination 
(other than base line) during 1st 2 hr. of study. 


, During the two-hour period, oxygen administration was 

associated with elevation of carbon dioxide tension or 
decline in pH (or both) beyond the desired range in only 
17.5 per cent of the patients receiving doxapram compar- 
ed with 36.8 per cent receiving placebo. 
Side effects were limited. The most common one noted 
was a feeling of warmth and sweating. Restlessness and 
agitation, common with an analeptic, were observed in 
only five patients. Hallucinations and frank psychosis 
occurred in one patient. (For other adverse reactionsthat 
may be experienced with doxapram, see full prescribing 
information.) 


Conclusion: 


The results suggest that doxapram may prove a useful 
adjunct in the management of patients in whom Oxygen 
itherapy may be expected to exaggerate hypercapnia and 
acidosis’ 

Moser, K.M., M.D., Luchsinger, PC., M.D.. Adamson, J.S., M.D., McMahon, S.M., M.D., Schlueter. 


DP, M.D., Spivack, M., M.D., and Weg, JG. MD: Respiratory Stimulation with Intravenous 
Doxapram in Respiratory Failure, New Engi J. Med., 288:427-431, March 1. 1973 








Prescribing Information 


Dopram Injectable 


brand of 

Doxapram Hydrochloride Injection, NF 

DESCRIPTION 

Each 1 mi contains: 

Doxapram Hydrochloride, NF .........., ..,........ 20 mg 
Water for Injection, USP ..... une Toate Ave PRSE RAE foie auos q.s 
Chlorobutanol, USP (as preservative) ..._............... 0.5% 
ACTIONS 


Doxapram hydrochloride produces respiratory stimulation mediated 
through the peripheral carotid chemoreceptors, As the dosage level 
is increased, the central respiratory centers in the medulla are stimu- 
lated with progressive stimulation of other Parts of the brain and 
spinal cord. 

The onset of respiratory stimulation following the recommended 
single intravenous injection of doxapram hydrochloride usually 
occurs in 20-40 seconds with peak effect at 1-2 minutes. The dura- 
tion of effect may vary from 5-12 minutes. 

The respiratory stimulant action is manifested by an increase in 
tidal volume associated with a slight increase in respiratory rate. 

A pressor response may result following doxapram administra- 
tion. Provided there is no impairment of cardiac function, the pres- 
sor effect is more marked in hypovolemic than in normovolemic 
states. The pressor response is due to the improved cardiac output 
rather than peripheral vasoconstriction. Following doxapram admin- 
istration an increased release of catecholamines has been noted. 

Although opiate induced respiratory depression is antagonized 
by doxapram, the analgesic effect is not affected. 


INDICATIONS 
1. Post-anesthesia. 

a. When the possibility of airway obstruction and/or hypoxia 
have been eliminated, doxapram may be used to stimulate res- 
Piration in patients with drug-induced post-anesthesia respira- 
tory depression or apnea other than that due to muscle relax- 
ant drugs. 

b. To pharmacologically stimulate deep breathing in the so-called 
"stir-up" regimen in the postoperative patient. (Simultaneous 
administration of oxygen is desirable.) 

2. Drug-induced central nervous system depression. 

Exercising care to prevent vomiting and aspiration, doxapram 
may be used to stimulate respiration, hasten arousal, and to en- 
courage the return of laryngopharyngeal reflexes in patients with 

mild to moderate respiratory and CNS depression due to drug 
overdosage. 

. Chronic pulmonary disease associated with acute hypercapnia. 
Doxapram is indicated as a temporary measure in hospitalized 
patents with acute respiratory insufficiency superimposed on 
chronic obstructive pulmonary disease. Its use should be for a 
short period of time (approximately 2 hours) as an aid in the 
prevention of elevation of arterial CO, tension during the admin- 
istration of oxygen. It should not be used in conjunction with 
mechanical ventilation. The adequacy of ventilation MUST be 
assessed by measurements of arterial blood gases as well as careful 
monitoring of the cardiovascular indices. 


CONTRAINDICATIONS 

1. General Contraindications. 
Doxapram is not recommended in the following conditions: epi- 
lepsy and other convulsive states; incompetence of the ventilatory 
mechanism due to muscle paresis, flail chest, pneumothorax, 
airway obstruction, and extreme dyspnea; severe hypertension 
and cerebrovascular accidents; hypersensitivity to doxapram; evi- 
dence of head injury. 

2. Contraindications in pulmonary disease. 
Doxapram is not recommended in the following conditions: 
strongly suspected or confirmed pulmonary embolism, pneumo- 
thorax, acute bronchial asthma, respiratory failure due to neuro- 
muscular disorders, and in restrictive respiratory diseases such as 
pulmonary fibrosis. 

3. Contraindications in cardiovascular disease. 
Doxapram is not recommended in the following conditions: coro- 
nary artery disease, frank uncompensated heart failure. 


C 


WARNINGS 

1. Warning in post-anesthetic use. 

a. Doxapram is neither an antagonist to muscle relaxant drugs nor 
a specific narcotic antagonist. Adequacy of airway and oxyge- 
nation must be assured prior to doxapram administration. 

b. Doxapram should be administered with great care and only 
under close supervision to patients with cerebral edema, his- 
tory of bronchial asthma, severe tachycardia, cardiac arrhyth- 
mia, cardiac disease, hyperthyroidism, or pheochromocytoma. 

c. Since narcosis may recur after stimulation with doxapram, care 
should be taken to maintain close observation until the patient 
has been fully alert for % to 1 hour. 

2. Warning in drug-induced CNS and respiratory depression. 
Doxapram alone may not stimulate adequate spontaneous breath- 
ing or provide sufficient arousal in patients who are severely de- 
pressed either due to respiratory failure or to CNS depressant 
drugs, but should be used as an adjunct to established supportive 
measures and resuscitative techniques. 

3. Warning in chronic obstructive puímonary disease. 

a. In an attempt to lower pCO, , the rate of infusion of doxapram 
should not be increased in severely il! patients because of the 
associated increased work in breathing. 

b. Doxapram should not be used in conjunction with mechanical 
ventilation. 

4. Warning in pregnancy. 

Clinically the safe use of doxapram in pregnancy has not been 

established. The physician must weigh the need against possible 

risks in using the drug in pregnant patients or in women of child- 
bearing potential. 

5. Warning in children 12 years of age and under. 

Doxapram is not recommended for use in patients 12 years of age 

or under because studies to adequately evaluate its safety and 

efficacy have not been performed. 


PRECAUTIONS 
1. General precautions. 

a. An adequate airway is essential. 

b. Recommended dosages of doxapram should be employed and 
maximum total dosages should not be exceeded. In order to 
avoid side effects, it is advisable to use the minimum effective 
dosage. Continued 





20mi MULTIPLE DOSE VIAL 


Dopram® Injectable 
brand of X 
Doxapram Hydrochloride* 


20 mg/mi A 
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Water for Injection, USP 
CAUTION: Federal law? 
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c. Monitoring of the blood pressure and deep tendon reflexes is 
recommended to prevent overdosage. 

d. Vascular extravasation or use of a single injection site over an 
extended period should be avoided since either may lead to 
thrombophlebitis or local skin irritation. 

e. Rapid infusion may result in hemolysis. 

. Lowered pCO, induced by hyperventilation produces cerebral 
vasoconstriction and slowing of the cerebral circulation. This 
should be taken into consideration on an individual basis. 

g. Intravenous short-acting barbiturates, oxygen and resuscitative 
equipment should be readily available to manage overdosage 
manifested by excessive central nervous system stimulation. 
Slow administration of the drug, careful observation of the 
patient during administration and for some time subsequently, 
are advisable. These precautions are to assure that the protec- 
tive reflexes have been restored and to prevent possible post- 
hyperventilation hypoventilation. 

h. Doxapram should be administered cautiously to patients re- 
ceiving sympathomimetic or monoamine oxidase inhibiting 
drugs, since an additive pressor effect may occur. 

i. Blood pressure increases are generally modest but significant 
increases have been noted in some patients. Because of this 
doxapram is not recommended for use in severe hypertension 
(see Contraindications), 

j. If sudden hypotension or dyspnea develops, doxapram should 
be stopped. 


. Precautions in post-anesthetic use. 


a. In patients who have received muscle relaxants, doxapram may 
temporarily mask the residual effects of muscle relaxant drugs. 

b. Since an increase in epinephrine release has been noted with 
doxapram, it is recommended that initiation of therapy be 
delayed for at least 10 minutes following the discontinuance of 
anesthetics known to sensitize the myocardium to catechola- 
mines, such as halothane, cyclopropane and enflurane. 

c. The same consideration to pre-existing disease states should be 
exercised as in non-anesthetized individuals. See Contraindica- 
tions and Warnings covering use in hypertension, asthma, dis- 
turbances of respiratory mechanics including airway obstruc- 
tion, CNS disorders including increased cerebrospinal fluid 
pressure, convulsive disorders, acute agitation, and profound 
metabolic disorders. 

Precautions in chronic obstructive pulmonary disease. 

a. Arrhythmias seen in some patients in acute respiratory failure 
secondary to chronic obstructive pulmonary disease are proba- 
bly the result of hypoxia. Doxapram should be used with cau- 
tion in these patients. 

b. Arterial blood gases should be drawn prior to the initiation of 
doxapram infusion and oxygen administration, then at least 
every % hour. Doxapram administration does not diminish the 
need for careful monitoring of the patient or the need for 
supplemental oxygen in patients with acute respiratory failure. 
Doxapram should be stopped if the arterial blood gases deterio- 
rate, and mechanical ventilation initiated. 


ADVERSE REACTIONS 
The following adverse reactions have been reported: 


1. 


ao + 


o 


Central and autonomic nervous systems. 

Headache, dizziness, apprehension, disorientation, pupillary dila- 
tation, hyperactivity, involuntary movements, convulsions, mus- 
cle spasticity, increased deep tendon reflexes, clonus, bilateral 
Babinski; pyrexia, flushing, sweating; pruritus and paresthesia 
such as a feeling of warmth, burning, or hot sensation especially 
in the area of genitalia and perineum. 


. Respiratory. 


Cough, dyspnea, tachypnea, laryngospasm, bronchospasm, hic- 
cough, and rebound hypoventilation. 


. Cardiovascular. 


Phlebitis, variations in heart rate, lowered T-waves, arrhythmias, 
chest pain, tightness in chest. A mild to moderate increase in 
blood pressure is commonly noted. The elevation in blood pres- 
sure may be of concern only in hypertensive patients. (See Con- 
traindications.) 


. Gastrointestinal. 


Nausea, vomiting, diarrhea, desire to defecate. 


. Genitourinary. 


Urinary retention, stimulation of urinary bladder with spontane- 
ous voiding. 


. Laboratory determinations. 


A decrease in hemoglobin, hematocrit, or red blood cell count has 
been observed in postoperative patients. In the presence of pre- 
existing leukopenia, a further decrease in WBC has been observed 
following anesthesia and treatment with doxapram hydrochlo- 
ride. Elevation of BUN and albuminuria have also been observed. 
As some of the patients cited above had received multiple drugs 
concomitantly, a cause and effect relationship could not be 
determined. 


DOSAGE AND ADMINISTRATION 


T. 


Doxapram hydrochloride is compatible with 5% and 10% dex- 
trose in water or normal saine. ADMIXTURE OF DOXAPRAM 
WITH ALKALINE SOLUTIONS SUCH AS 2.5% THIOPENTAL 
SODIUM OR BICARBONATE WILL RESULT IN PRE- 
CIPITATION. 


. In post-anesthetic use. 


a. By iv. injection (see Table |. Dosage for post-anesthetic 
use—l.V.) 


Table |. Dosage for post-anesthetic use—l.V. 





Recommended Maximum dose per Maximum 
I.V. dosage single injection total dose 


Administration mg/kg mg/Ib mg/kg mg/lb mg/kg mg/lb 





Single 0.5- 0.25- 15 0.70 1.5 0.70 

Injection 10 05 

Repeat 0.5- 0.25- t5 0.70 20 1.0 

Injections 10 0.5 

(5 min. intervals) 

Infusion 0.5- 0.25- — — 40 20 
10 05 





b. By infusion. The solution is prepared by adding 250 mg of 
doxapram (12.5 ml) to 250 ml of dextrose or saline solution. 
The infusion is initiated at a rate of approximately 5 mg/ 
minute until a satisfactory respiratory response is observed, 
and maintained at a rate of 1-3 mg/minute. The rate of in- 
fusion should be adjusted to sustain the desired level of respira- 
tory stimulation with a minimum of side effects. The recom- 


mended total dosage by infusion is 4 mg/kg (2.0 mg/Ib), not to 
exceed 3 grams. 
3. In the management of drug-induced CNS depression. 
(See Table I1. Dosage for drug-induced CNS depression.) 


Table II. Dosage for drug-induced CNS depression. 








METHOD ONE METHOD TWO 
Priming dose single/repeat Rate of intermittent 
Level of i.v. injection i.v. infusion 
Depression mg/kg mg/lb mg/kg/hr mg/Ib/hr 
Mild * 1.0 0.5 1.0- 0.5- 
2.0 1.0 
Moderatet 2.0 1.0 2.0- 1.0- 
3.0 1.5 


* Mild Depression 

Class O- Asleep, but can be aroused and can answer questions. 

Class 1: Comatose, will withdraw from painful stimuli, reflexes 
intact 

t Moderate Depression 

Class 2: Comatose, will not withdraw from painful stimuli, reflexes 
intact. 

Class 3: Comatose, reflexes absent, no depression of circulation or 
respiration. 





METHOD ONE 

Using Single and/or Repeat Single I.V. Injections. 

a. Give priming dose of 1.0 mg/lb (2.0 mg/kg) body weight and 
repeat in 5 minutes. 

b. Repeat same dose q1-2h until patient wakens. Watch for re- 
lapse into unconsciousness or development of respiratory 
depression, since Dopram does not affect the metabolism of 
CNS-depressant drugs. 

c. If relapse occurs, resume 1-2 hourly injections until arousal is 
sustained, or total maximum daily dose (3 grams) is given. 
Allow patient to sleep until 24 hours have elapsed from first 
injection of Dopram, using assisted or automatic respiration if 
necessary. 

d. Repeat procedure until patient breathes spontaneously and sus- 
tains desired level of consciousness, or until maximum dosage 
(3 grams) is given. 

e. Repetitive doses should be administered only to patients who 
have shown response to the initial dose. 

f. Failure to respond appropriately indicates the need for neuro- 
logic evaluation for a possible central nervous system source of 
sustained coma. 


METHOD TWO 

By Intermittent I.V. /nfusion. 

a. Give priming dose as in Method One. 

b. If patient wakens, watch for relapse; if no response, continue 
general supportive treatment for 1-2 hours and repeat Dopram. 
If some respiratory stimulation occurs, prepare l.V. infusion by 
adding 250 mg of Dopram (12.5 ml) to 250 ml of saline or 
dextrose solution. Deliver at rate of 1-3 mg/min (60-180 ml/hr) 
according to size of patient and depth of coma. Discontinue 
Dopram if patient begins to waken or at end of 2 hours. 

c. Continue supportive treatment for % to 2 hours and repeat 
Step b. 

d. Do not exceed 3 grams. 

4, Chronic obstructive pulmonary disease associated with acute 
hypercapnia. 

a. One vial of doxapram (400 mg) should be mixed with 180 ml 
of the intravenous solution (concentration of 2.0 mg/ml). The 
infusion should be started at 1-2 mg/minute (5-1 ml/minute); 
if indicated, increase to a maximum of 3 mg/minute. Arterial 
blood gases should be determined prior to the onset of doxa- 
pram's administration and at least every half hour during the 
two hours of infusion to insure against the insidious develop- 
ment of CO,-RETENTION AND ACIDOSIS. Alteration of 
oxygen concentration or flow rate may necessitate adjustment 
in the rate of doxapram infusion. 

b. Predictable blood gas patterns are more readily established 
with a continuous infusion of doxapram. If the blood gases 
show evidence of deterioration, the infusion of doxapram 
should be discontinued. 

c. ADDITIONAL INFUSIONS BEYOND THE SINGLE MAXI- 
MUM TWO HOUR ADMINISTRATION PERIOD ARE NOT 
RECOMMENDED. 


OVERDOSAGE 

Excessive pressor effect, tachycardia, skeletal muscle hyperactivity, 
and enhanced deep tendon reflexes may be early signs of over- 
dosage. Therefore, the blood pressure, pulse rate, and deep tendon 
reflexes should be evaluated periodically and the dosage or infusion 
rate adjusted accordingly. Convulsive seizures are unlikely at recom- 
mended dosages, but intravenous anticonvulsants, oxygen, and 
resuscitative equipment should be available. 


HOW SUPPLIED 

Dopram Injectable (doxapram hydrochloride injection) is available 
in 20 ml rubber-stoppered vials containing 20 mg of doxapram 
hydrochloride per ml, 20 mg/ml, with chlorobutanol 0.5% as the 
preservative (NDC 0031-4849). Rev. Sept. 1975 
Additional literature available upon request. 
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CALL FOR PAPERS 





August 5, 1977— Deadline for submission of titles and 
abstracts. Application forms are available from: John 


T. Martin, M.D., Chairman, Program Committee, 


Medical College of Ohio at Toledo, C. S. 10008, 'Toledo, 
Ohio 43699. 


SCIENTIFIC EXHIBIT APPLICATIONS are available from B. B. 
Sankey, M.D., Executive Secretary, International Anesthesia 
Research Society, 3645 Warrensville Center Road, Cleveland, 
Ohio 44122. 


(34) ANESTHESIA and ANALGESIA . . . Current Researches 


A Tribute to Dr. T. H. Seldon 


The appearance of this issue of Anesthesia and Analgesia . .. Current Researches 
signals an important event in its history. It marks the completion of Dr. Thomas 
Harry Seldon's long term as Editor, the move of the Editorial Office from 
Rochester, Minnesota, to New Haven, Connecticut, and the beginning of Dr. 
Nicholas M. Greene's duties as Editor in Chief. 


For twenty-three busy years Harry Seldon has guided the affairs of this publi- 
cation with enthusiasm, friendliness, integrity and wisdom. He has continually 
sought new ways of presenting useful material to our public. The use of color, 
improved editorial techniques, better printing methods, and skillful public relations 
with authors and readers alike have become his hallmarks. Without having a 
captive audience, he has seen Journal circulation increase from 2700 in 1955 to 
approximately 13,000 today. Realizing that this growth in readership has exceeded 
significantly the growth rate of the specialty as a whole, and that it has occurred 
while more than a few other journals were experiencing difficult times, attests to 
Doctor Seldon's keen appreciation of the needs of his subscribers. 


The Journal without Harry Seldon as its father-figure will be a new experience 
for us all. Our intention is to maintain his legacy of clinical practicality while 
seeking every means of bringing new information to public view. We hope that 
his acquired wisdom will still be available to us despite his retirement. We envy 
him his well-earned opportunity to look backward in comfort upon a long, ener- 
getic and highly competent editorial career that is freely acknowledged by his 
friends and colleagues as a job unusually well done. 


The Board of Trustees of the International Anesthesia Research Society takes 
this opportunity to express its deep appreciation to Thomas Harry Seldon, M.D., 
for his distinguished service as Editor of Anesthesia and Analgesia . . . Current 
Researches and to extend to him its best wishes for the years ahead. 
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Comparative Neuromuscular Effects of 
Lincomycin and Clindamycin 


J. THOMAS RUBBO, MD* 
SAMIR D. GERGIS, MDT 
MARTIN D. SOKOLL, MDtz 


lowa City, lowa§ 


The effects of lincomycin and clindamycin on 
neuromuscular transmission in vitro were 
studied. Standard microelectrode technics were 
used to measure miniature endplate potential 
(MEPP) amplitude and frequency, and end- 
plate sensitivity to acetylcholine on the frog 
sartorius muscle. Twitch tension and nerve 
terminal acetylcholine release were also stud- 
ied. In the drug concentration range where 
twiteh tension changes occurred, both drugs 
caused marked decreases in MEPP amplitude 
and decreases in endplate sensitivity to ionto- 


IE 1s common clinical practice to adminis- 
ter large doses of antibiotics systemically 
or intraperitoneally during surgical proce- 
dures. Some antibiotics, particularly those 
of the aminoglycoside group, have been 
shown to interfere with neuromuscular trans- 
mission. This may occur by increasing the 
degree of block, by causing later difficulty 
in reversal of curare-like drugs, or in recu- 
rarization. 


Neuromuscular blockade with lincomycin 
has been demonstrated in several reports,!-? 
and difficulty was found in reversing this 
blockade with anticholinesterases. Clinda- 
mycin is the 7-deoxy, 7-chloro derivative of 
lincomycin, and 2 recent reports*? suggest 
that clindamycin may have neuromuscular 
effects similar to those of lincomycin. We 
have examined neuromuscular transmission 


*Resident in Anesthesia. 
tProfessor of Anesthesia. 
iProfessor of Anesthesia. 


phoretically applied acetylcholine. Lincomycin 
did not alter MEPP frequency but decreased 
acetylcholine release. Clindamycin increased 
MEPP frequency and increased acetylcholine 
release. The study shows that beth lincomycin 
and clindamycin cause blockade of neuromus- 
cular transmission through a postsynaptic 
action. However, at high concentrations, linco- 
mycin has a nerve-terminal depressant effect, 
while clindamycin has a marked presynaptic 
stimulatory effect. 


through some parameters of nerve-terminal 
and motor-endplate function to attempt to 
determine the site and mechanism of action 
of these 2 chemically related antibiotics. 


The higher drug concentrations used in 
these experiments equate with the doses 
used clinically, assuming that the given dose 
will be diluted in the 14-L extracellular fluid 
volume of a 70-kg man. Thus, 150 mg will 
be approximately equal to 10-5 g/ml, and a 
1500-mg dose corresponds with the 10-4 con- 
centration. 


MATERIALS AND METHODS 


Lincomycin or clindamycin HCl powder 
was dissolved in frog Ringer’s solution and 
used for all in-vitro studies. 


Standard microelectrode technics were 


§Department of Anesthesia, University of Iowa Hospitals, Iowa City, Iowa 52242. 
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used to measure miniature endplate poten- 
tial (MEPP) amplitude and frequency, sen- 
sitivity of the endplate to iontophoretically 
applied acetylcholine, action potential gen- 
eration, and muscle membrane input resist- 
ance. These studies used an in-vitro frog 
sartorius muscle preparation.5? Data were 
recorded from at least 6 cells at each drug 
concentration for each parameter measured. 


Muscle-twitch tension was studied in 
vitro on the indirectly stimulated sciatic 
nerve-sartorius muscle preparation of the 
frog. The stimulation parameters were su- 
pramaximal voltage at 0.2 Hz and 0.1 msec 
duration. 


Acetylcholine release was studied in vitro 
on the indirectly stimulated sciatic nerve- 
gastrocnemius muscle preparation of the 
frog. Released acetylcholine was bioassayed 
on the superfused guinea pig ileum.? !? 


Statistical comparisons were by Student's 
t-test for matched pairs.!! 


RESULTS 


MEPP Frequency.—Lincomycin caused 
an increase in MEPP frequency in the con- 
centration range of 10-!? g/ml to 10- g/ml; 





Current Researches VoL. 56, No. 3, MAY-JUNE, 1977 


above and below this range, there was no 
significant change. Clindamycin caused no 
change in MEPP frequency in the concen- 
tration range of 10-!! g/ml to 10-* g/ml. 
However, at 2.5 x 10 g/ml, it increased to 
252 percent of control, and at 7.5 x 10-° 
g/ml, it increased to 384 percent of control. 
MEPP frequency then decreased to 189 
percent of control at 10-* g/ml (fig 1). 


MEPP Amplitude.—Lincomycin did not 
affect MEPP amplitude in the concentra- 
tion range between 10-?? g/ml and 10-? 
g/ml. At 7.5 x 10-? g/ml, MEPP amplitude 
decreased to 76 percent of control and 
dropped further to 39 percent of control at 
25 x 10-* g/ml. Clindamycin in the con- 
centration range of 10-!! g/ml to 10-5 g/ml 
did not alter MEPP amplitude. At 2.5 x 
10-5 g/ml, MEPP amplitude decreased to 
80 percent of control, and at 10-* g/ml, it 
decreased to 32 percent of control (fig 2). 


Acetylcholine Sensitivity.—Sensitivity of 
the endplate to iontophoretically applied 
acetylcholine was decreased to 74 percent 
and 44 percent of control at lincomycin con- 
centrations of 7.5 x 10-5 g/ml and 2.5 x 10-7 
g/ml, respectively. Clindamycin concentra- 
tions of 2.5 x 10-? g/ml and 7.5 x 10-? g/ml 
decreased endplate sensitivity to 83 percent 
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Fig 1. Effect of lincomycin and clindamycin on MEPP frequency. Values are mean = SE, n = 6. 
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Fic 2. Effects of lincomycin and clindamycin on 
MEPP amplitude. Values are mean SE, n — 6. 
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Fie 3. Endplate sensitivity to iontophoretically 
applied acetylcholine after lincomycin and clinda- 
mycin. Values are mean + SE, n = 6. 


and 23 percent of control, respectively 
(fig 3). 


Action Potential Generation and Muscle 
Membrane Input Resistance.—Action po- 
tential generation parameters as measured 
by threshold, rate of rise, and amplitude of 
the spike were unchanged from control val- 
ues for both lincomycin and clindamycin. 
Input resistance of the muscle cell mem- 
brane was also unchanged from control 
values. 


Twitch Tension.—Muscle twitch tension 
of the indirectly stimulated sciatic nerve- 
sartorius muscle preparation decreased to 
70 percent of control in the presence of 10-5 
g/ml of lincomycin and decreased to 33 per- 
cent of control at 5 x 10-4 g/ml of lincomy- 
cin in the bath. With clindamycin, muscle 
twitch decreased to 67 percent of control at 
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Fic 4. Effects of lincomycin and clindamycin on 
indirectly elicited twitch tensions. Values are mean 
= SE, n = 6. 
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Fic 5. Effects of lincomycin and clindamycin on 
acetylcholine release. Values are mean, n = 5. 


10-* g/ml and decreased to 9.6 percent of 
control at 7.5 x 10-* g/ml (fig 4). 


Acetylcholine Release.-- Acetylcholine re- 
lease from the indirectly stimulated sciatic 
nerve-gastrocnemius muscle preparation was 
calculated in micrograms of acetylcholine 
per gram of dry muscle. Acetylcholine re- 
lease was decreased to 56 percent of control 
at 10-° g/ml and decreased to 29 percent 
of control at 10-! g/ml of lincomycin. 
With clindamycin, acetylcholine release was 
slightly increased at 10-° g/ml and at 10-4 
g/ml was significantly increased to 244 per- 
cent of control (fig 5). 


DISCUSSION 
Katz!“ and Katz and Thesleff!? correlated 
changes in MEPP frequency with presynap- 
tic drug activity and changes in MEPP am- 
plitude with postsynaptic drug action. Our 
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findings suggest that lincomycin in low con- 
centrations has some degree of nerve-ter- 
minal stimulatory action, while at high con- 
centration there is evidence of nerve-ter- 
minal blockade. 'The nerve-terminal stimula- 
tory effect is seen in the increased MEPP 
frequency at low drug concentrations, and 
the nerve-terminal depression is evidenced 
by diminished acetylcholine release at high 
drug concentrations. 


The depression of MEPP amplitude at 
higher concentrations as well as decreased 
sensitivity of the endplate to iontophoreti- 
cally applied acetylcholine suggests that 
lincomycin produces endplate blockade. The 
combination of nerve-terminal stimulation 
at low drug concentrations and depression 
of nerve-terminal activity and receptor 
blockade at high drug concentrations has 
been previously seen in a number of drugs, 
including other aminoglycoside antibiotics 
and some quaternary ammonium com- 
pounds.!: 


In the concentration range where changes 
in MEPP amplitude, endplate sensitivity, 
and twitch tension occur, there were no 
changes in muscle membrane input resist- 
ance or action potential generation. There- 
fore, we can attribute these changes to drug 
effect on the motor endplate rather than an 
extra-junctional muscle membrane effect. 


Clindamycin has no effect on MEPP fre- 
quency or amplitude at low concentrations; 
however, at higher concentrations, changes 
were seen in both MEPP frequency and 
amplitude. Our MEPP data suggest that 
clindamycin has a presynaptic nerve-termi- 
nal stimulatory activity and a postsynaptic 
blocking action. Depression of twitch ten- 
sion occurs at concentrations of clindamycin 
where there is a marked decrease in MEPP 
amplitude concurrent with an increase in 
MEPP frequency. 'This suggests a postsyn- 
aptic cause of blockade and is supported by 
a decreased sensitivity of the endplate to 
iontophoretically applied acetylcholine, and 
an increased acetylcholine release from the 
nerve terminal. 


Compared to lincomycin, the concentra- 
tion of clindamycin needed to decrease 
twitch tension was higher than that needed 
to decrease MEPP amplitude and decrease 
endplate sensitivity. 'The reason for this is 
not known. We have no evidence, but can 
speculate that drug concentrations that in- 
crease MEPP frequency may also cause in- 
creased quantum content of the endplate 
potential, thereby shifting the dose-response 
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curve in an indirectly stimulated prepara- 
tion. 


Lincomycin and clindamycin have essen- 
tially the same mode of action as other 
aminoglycoside antibiotics, acting on both 
nerve terminal and postsynaptic receptors. 
This group of drugs show approximately 
the same degree of muscle blockade as strep- 
tomycin, which is less than 1/100 that of 
d-tubocurarine. 


In conclusion, both lincomycin and clin- 
damycin cause blockade of neuromuscular 
transmission through a postsynaptic action. 
However, lincomycin at high concentrations 
has a nerve-terminal depressant effect, while 
clindamycin has a marked presynaptic stim- 
ulatory effect. 
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A case of oculocardiac reflex occurring during 
general anesthesia for cataract removal is 
presented. The prevention and treatment of 


HE oculocardiac reflex, which may result 

in vagal depression of the heart, is a 
serious complication not infrequently asso- 
ciated with ophthalmic surgery. This reflex 
may cause bradycardia, nodal rhythm, A-V 
block, or even cardiac standstill. The reflex 
may be produced by pressure on the eyeball 
or by traction on the extraocular muscles. 
It is said to be more pronounced in children 
and young adults, but can occur at any age. 


This report presents an instance of oculo- 
cardiac reflex in a patient receiving general 
anesthesia, discusses the prevention and 
treatment of such events, and reviews their 
incidence in eye surgery. 


CASE REPORT 


A 65-year-old woman presented for cata- 
ract removal under general anesthesia. No 
past history of significance was noted. Me- 
peridine (25 mg) and promethazine (25 
mg) were given IM at 1 hour before opera- 
tion. Anesthesia was induced with 5 mg of 
IV diazepam, 10 mg of droperidol, and 0.1 
mg of fentanyl. After tracheal intubation, 
anesthesia was maintained with 50 percent 
N,O-O,, droperidol, fentanyl, and pancuro- 
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such reflexes is discussed, with particular atten- 
tion to the importance of ECG monitoring at all 
times in ophthalmic surgery. 


nium bromide. Ventilation was controlled 
by an Air Shields® Ventimeter-Ventilator, 
tidal volume being kept at 10 ml/kg. As a 
routine procedure, the patient was attached 
to a cardiac monitor. Immediately before 
the surgical procedure, blood pressure was 
140/80 torr and the pulse 80/min and regu- 
lar. 


From the outset, the slightest pressure on 
the eyeball by the surgeon resulted in im- 
mediate bradycardia, with the pulse rate 
dropping as low as 36/min, but returning to 
normal when surgical manipulation ceased. 
A total dose of 2 mg of atropine IV failed 
to prevent the recurrence of the bradycar- 
dia. However, a retrobulbar injection of 2 
ml of 2 percent lidocaine, allowed to take 
effect without rubbing the eyeball, pre- 
vented further bradycardial episodes. 


DISCUSSION 


The oculocardiac reflex, described nearly 
70 years ago by Aschner,! has been since 
reported in patients following digital pres- 
sure to the eye, pinching of the conjunctiva 
with a forceps, intraorbital injection of local 
anesthetics, and postoperative pressure on 
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the bandage. However, most of the recent 
reports refer to patients undergoing opera- 
tions for strabismus and are related to trac- 
tion of the extraocular muscles.?? Accord- 
ing to these reports, 2 out of 3 patients 
undergoing strabotomy are likely to have 
ECG changes. 


Hypoxia and hypercarbia may contribute 
to the severity of the oculocardiac reflex by 
rapidly converting bradycardia to cardiac 
arrest, or may increase the sensitivity of the 
patient to the reflex. 


MANAGEMENT AND PREVENTION 


Atropine.— Neither IM nor IV atropine is 
entirely effective in abolishing or prevent- 
ing the occurrence of the oculocardiac reflex, 
although in a 1957 study,* Bosomworth and 
associates used IV atropine prophylactically 
in 17 patients after induction of anesthesia 
and just prior to operation. The amount 
selected was one-half that (0.1 to 0.4 mg) 
used for premedication. During the first 
half-hour of operation, only one patient in 
this group developed a change of cardiac 
rhythm (bradycardia) during eye muscle 
traction. When the duration of surgery ex- 
tended beyond 30 minutes, 4/17 patients 
developed arrhythmias. Once the reflex does 
occur, IV atropine is the most favored thera- 
peutic agent; usually 0.2 to 1 mg IV is ade- 
quate, although Mendelblatt and coworkers* 
found 0.5 mg insufficient to completely 
block the reflex. Since vagal tone appears 
to vary with age, even large doses of atro- 
pine may fail to accelerate the slowed heart 
in infants and geriatric patients. 


Retrobulbar Block.—The use of retrobul- 
bar block is controversial. Whereas Mendel- 
blatt’s group? and Taylor and associates? 
were able to abolish the reflex in all their 
cases with 1 to 2 ml of 2 percent lidocaine, 
Reed and McCaughey? concluded that ret- 
robulbar block was of little value in pre- 
venting bradycardia and suggested the use 
of gallamine. Hughes!? recently referred to 


retrobulbar anesthesia as being of “uncer- , 


tain value.” In our case, where 2 ml of IV 
atropine failed to block repeated episodes of 
bradycardia, a retrobulbar injection of 2 ml 
of 2 percent lidocaine succeeded. 


Retrobulbar block is not without danger, 
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especially in the more sensitive patient. In 
order to spread the local anesthetic, it is 
usual for the surgeon to apply pressure to 
the eyeball by rubbing it gently with his 
thumb.!! This action may result in brady- 
cardia and cardiac arrest. Retrobulbar hem- 
orrhage may also occasionally result. 


CONCLUSIONS 


The high incidence of the oculocardiac 
reflex in eye surgery, whether under general 
or by local anesthesia,** makes it manda- 
tory that the patient be connected to a 
cardiac monitor, so that any bradycardia 
or other arrhythmia can immediately be 
detected. Adequate ventilation, with or 
without O, supplementation, is also essen- 
tial. 
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Arterial blood-gas changes were studied in 21 
healthy women undergoing laparoscopic sterili- 
zation with local anesthesia and supplemental 
IV sedation, employing CO. as the inflating 
gas. No significant hypercarbia was noted. Two 
patients became transiently apneic following 


E THE last several years, laparoscopic 
sterilization with local anesthesia has 
been the subject of numerous reports.'-? Dis- 
cussion of nonsurgical complications in these 
reports was either vague or omitted entirely. 
In one report, an undefined incidence of 
severe respiratory depression following IV 
medication was treated with an analeptic 
(doxapram). In another recent study,’ there 
was a passing comment on the occurrence of 
vagal reflexes. 


Additionally, several authors,?' 3 citing 
hypercarbia, have specifically recommended 
avoidance of CO, as the inflating gas (“car- 
boperitoneum") when performing laparo- 
scopic sterilization with local anesthesia. 
This has resulted in only a small number 
(<15) of reports of arterial blood gases 
(ABG) from laparoscopic sterilizations in 
which local anesthesia and carboperitoneum 
were used. The present study was therefore 
undertaken to more closely examine patient 
safety, in addition to significantly enlarging 
the reported experience of ABG changes 
under these conditions. 


*Anesthesia Resident III, Department of Anesthesia. 


IV medication and 2 became extremely agitated 
during the procedure. This constituted a major 
nonsurgical complication rate of 19 percent. 
Safety requirements for patients undergoing 
this procedure are suggested. 


METHODS 


Twenty-one ASA class I women, ranging 
in age and weight from 21 to 44 years and 
from 40.9 to 80.9 kg, respectively, scheduled 
for laparoscopic sterilization with local an- 
esthesia, were included in this study. One to 
two weeks prior to operation, each patient 
gave written consent to participation in the 
study and to the placement of an indwelling 
arterial catheter. 


All subjects were unpremedicated outpa- 
tients. In an induction room, after demon- 
strating collateral ulnar artery blood flow 
(Allen’s test®), a 20-gauge Teflon catheter 
was percutaneously placed in the left radial 
artery following local anesthesia. In addi- 
tion, each patient had a peripheral IV 
catheter inserted and was monitored with a 
blood-pressure cuff, precordial stethoscope 
and electrocardiogram (ECG). 


Once the patient was on the operating 
table, supplemental O, was administered via 
a Hudson disposable mask. IV medication 
consisted of diazepam (0.1 to 0.2 mg/kg) 
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and meperidine (0.8 to 1.3 mg/kg), admin- 
istered by the surgeon but with an anesthe- 
tist attending the patient. This latter prac- 
tice followed the prevailing clinical practice 
for this procedure. 


The patient was then placed in the lith- 
otomy position, a cervical tenaculum in- 
serted, and the abdomen prepared and 
draped. The infraumbilical region down to 
the peritoneum was infiltrated with 15 to 20 
ml of 1 percent mepivacaine. A Verres' nee- 
dle was used to enter the peritoneal cavity 
and to deliver the initial volume of CO, of 
2 L or less. This needle was then removed, 
a small incision made infraumbilically, the 
patient placed in Trendelenburg’s position, 
and the sleeve of the operating laparoscope 
inserted into the peritoneal cavity. 


Additional gas was added as necessary 
throughout the procedure, but the intra- 
abdominal pressure was always 12 torr or 
less. Upon completing the procedure, the 
gas in the abdomen was manually expelled 
prior to removing the laparoscope, the inci- 
sion sutured, and the patient taken to the 
recovery room breathing supplemental Oy». 


ABG samples were obtained in the fol- 
lowing sequence: (1) breathing room air; 
(2) with supplemental O. before medica- 
tion; (3) after IV sedation; (4) during the 
procedure while the abdomen was inflated 
and the patient was being stimulated; (5) 
15 minutes postdeflation; and (6) 30 min- 
utes postdeflation. The results are reported 
as averages + SE and analyzed by Student's 
paired t-test (table). 


RESULTS 


Most patients tolerated the procedure 
well. However, 2 patients were transiently 
apneic following the administration of the 
IV medication and required assisted ventila- 
tion for a short time (1 to 2 minutes) prior 
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to surgical stimulation. Two additional pa- 
tients became extremely agitated and re- 
quired continuous reassurance so that the 
operation could be completed safely. These 
4 patients constitute a major nonsurgical 
complication rate of 19 percent. There were 
no surgical complications. 


Changes in ABG are indicated in the 
table, with statistically significant differ- 
ences noted. Changes in Paco. were statis- 
tically significant although clinically insig- 
nificant. There were no significant changes 
in Pao», pH, blood pressure, pulse rate, or 
ECG pattern. Operating time ranged from 
5 to 35* (average 12.5 + 1.4) minutes. No 
patient received additional IV sedation or 
general anesthesia. 


DISCUSSION 


This study points out the necessity of 
having each patient for this procedure at- 
tended by someone capable of managing an 
airway. The necessity of this requirement is 
revealed in the nonsurgical complication 
rate of 19 percent (4/21 patients). The 
presence of an anesthetist in the case of the 
2 apneic patients averted a potentially leth- 
al complication. 


Numerous drugs or drug combinations 
have been used to supplement local anes- 
thesia. There is no unanimity as to which 
choice is superior. More important than se- 
lection of the drug is the administration of 
appropriate doses. Lightly sedated patients 
are able to follow commands, breathe spon- 
taneously, protect their airway, and leave 
the hospital within several hours after com- 
pletion of the procedure. However, a con- 
dition must exist in which there is a balance 
between desired analgesia and preservation 
of vital reflexes and responses. 





*One patient required 35 minutes for the procedure 
because of equipment malfunction. 


TABLE 

Blood-Gas Results in 21 Laparoscopic Sterilizations 

Breathing Control After During 15 minutes 30 minutes 

room air with O2 sedation procedure postdeflation —— postdeflation 
Pao;, torr 102 + 1.8 260 + 15 260 + 15 261 + 14 238 + 11 260 + 10 
Paco;, torr 847+0.6 34.8-- 0.6 37.8:£ 0.9* 38582097 38.5 + 0.8* — 38.4 -— 0.6 
pH 1.43 1.42 7.39 + 0.01 7.41 + 0.01. 7.39 2 0.01 7.89 + 0.01 
Time, min 0 7.3 + 0.8 162-1.2 384.7413 49.741.3 


EEANN EEOAE AAAA AAAA 


*p« 0.001. 
tp« 0.005. 
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Disregarding the fact that 2 patients were 
momentarily ventilated, we did not find 
clinically significant hypercarbia during or 
after the procedure. This finding can best 
be explained by the short operating time 
and the use of low intra-abdominal pres- 
sures (both of which necessitate an experi- 
enced laparoscopist) in a sedated patient. 
The trend of Paco, changes in our patients 
can be most accurately described as the re- 
sponse of a sedated patient before, during, 
and after stimulation. Although transperi- 
toneal absorption of CO, cannot be com- 
pletely disregarded, it is doubtful that this 
was a major contributing factor in the rela- 
tively elevated Paco, values in our patients 
postoperatively. 


We agree with others that this is basically 
a safe procedure. However, the use of IV 
sedation and the possibility of untoward 
respiratory depression dictate some mini- 
mum safety measures. We feel that every 
patient should be provided with the follow- 
ing: 

1. Attendance by someone capable of 
managing an airway. 


2. Supplemental O, throughout the pro- 
cedure and in the recovery room. 'The value 
of this is well documented.!? 


3. Peripheral IV catheterization. 


4. Monitoring of blood pressure and car- 
diac rhythm. 


This technic provides a safe alternative to 
general anesthesia for laparoscopic steriliza- 
tion with the above reservations. 
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Cardiovascular Effects of Atropine Sulfate Preparations 
in Vagotomized Dogs Under Halothane Anesthesia 


J. A. REITAN, MD* 
O. F. JAMES, MB, FFARCST 
R. W. MARTUCCI, MS} 


Davis, Californias 


The cardiovascular effects of 3 preparations 
of atropine sulfate were studied acutely in 
open-chest, vagotomized dogs under endotra- 
cheal halothane anesthesia. Indices of myocar- 
dial performance (LVdp/dt/CPIP and maxi- 
mum ascending aortic blood acceleration) 
showed insignificant changes when varying 
doses of IV atropine (0.04 mg/kg and 0.4 mg/ 
kg) were given. However, mean ascending 
aortic pressure fell by 20 percent following 
the larger doses of 2 commercial preparations 
containing antibacterial preservatives, and 


A novon atropine sulfate has long been 
known to affect the heart rate (HR) 
and circulation, there is a surprising lack 
of information about its direct cardiac ac- 
tion. Laborit and Weber! found that the 
drug increased contractile force in the iso- 
lated rabbit atria, probably because of block- 
ade of the inhibitory influence of acetylcho- 
line on the cardiac muscle. In contrast, no 
change in cardiac output (QCar) could be 
demonstrated following IV administration 
of atropine in dogs,” although there was a 
distinct fall in calculated peripheral resist- 
ance. 


The present study was undertaken to de- 
lineate the cardiac inotropic action of atro- 
pine sulfate in the canine model. 


METHODS 
The cardiovascular effects and direct my- 
ocardial action of 2 currently available 
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tSenior Research Technician. 


only by 9 percent following a "pure" (USP) 
atropine preparation. Calculated changes in 
systemic vascular resistance closely followed 
actual pressure values, These results indicate 
that atropine, even in large doses, causes little 
or no depression of ventricular function inde- 
pendently of its chronotropic action. However, 
atropine does cause a fall in blood pressure, 
seemingly due to peripheral vasodilation, par- 
ticularly in commercial preparations contain- 
ing preservatives. 


preparations of atropine sulfate* and a 
*pure" (USP) solution were studied in 6 
mongrel dogs (mean weight, 18.7 + 0.4 kg). 
The commercial drugs had either 1.5 per- 
cent benzyl alcohol (Elkins-Sinn) or 0.5 
percent chlorobutanol (Lilly) added as pre- 
servatives. The USP atropine sulfate was 
dissolved in sterile isotonic saline solution 
and all preparations were of 0.4 mg/ml con- 
centration. 


The dogs were anesthetized with endotra- 
cheal halothane-O,. at 0.9 percent (1 MAC) 
end-tidal concentration,? and controlled res- 
piration was used to achieve acid-base bal- 
ance (table 1). 


Peripheral IV access was provided by a 
catheter in the saphenous vein, and an as- 
cending aortic pressure catheter and central 
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TABLE 1 
Blood-Gas Data 


svete msm ANNAN AAA SALAH PPP VS PONTO MAA ASO UU UEP HOP PRONOUN I SSN ADAE VN 


USP atropine control 





pHa 1.095€ 0.017* 
Paco, 36.8 + 1.2 
Pao. 294.2 + 16.1 
BE —0.2 + 1.0 


Lilly atropine control 


Elkins-Sina otropine control 





—————————— ER 


7.40 + 0.024 1.45 + 0.018" 

s d: 2.l 30.0 5c 1.7 
270.8 + 15.2 283.3 + 20.4 
—1.0 + 1.5 Lors 





*Significant difference in pH between USP and E-S atropine controls (p<0.05). No other significant dif- 
ferences occurred among the comparative atropine control values. 
Mean acid-base values are shown for each atropine sulfate preparation. Arterial blood gases were meas- 
ured during the control period prior to the first Injection of each atropine sulfate preparation. 


venous pressure catheter were placed by 
surgical cutdown. The lead II ECG was 
monitored. 'Through a left thoracotomy, the 
animals were prepared with left ventricular 
micromanometer pressure transducers and 
ascending aortic flow probes. 


Mean arterial pressure ( AP), central ve- 
nous pressure (CVP), left ventricular end- 
diastolic pressure (LVEDP), peak ascend- 
ing aortic blood flow (Q,,,,), integrated aor- 
tic flow (QCar), HR, and 2 indices of ven- 
tricular performance, LVdp/dt/CPIP and 
maximum ascending aortic blood accelera- 
tion (Q,,,), were measured. Systemic vas- 
cular resistance (SVR) was calculated by 
dividing the difference between AP and 
CVP by QCar obtained from the integrated 
aortic flow signal. 


The variables were recorded on an oscil- 
lograph during 10-second passive apnea pe- 
riods at both 30 seconds and 4 minutes after 
each dose of atropine. Individual measure- 
ments were collected from 10 consecutive 
heart beats and averaged for the results of 
each run. Each dog served as his own con- 
trol by recordings made just prior to all 
atropine administrations. Before receiving 
any atropine, the dog's cervical vagi were 
sequentially ligated and severed. 


Thereafter, the drug was administered IV, 
first in small doses (0.04 mg/kg) and then 
in large doses (0.4 mg/kg), and the cardio- 
vascular effects recorded at 0.5 and 4 min- 
utes postadministration. The small dose is 
close to the common amount used in canine 
surgery.* Each dog received all 3 compounds 
in turn, with randomization achieved by a 
Latin-square table. Thirty minutes were 
allowed for stabilization between the injec- 
tion of each preparation. 


All data were “normalized” by expressing 
measurements and calculations in percent- 
ages of pre-atropine control values. Signifi- 


cance of changes from control values was 
determined by Student's t-test, programmed 
on a Tektronix Model 31 calculator. 


Equipment List. 
Recorder: 
Grass Model 7 Polygraph 


Cannulae: 
Intra-arterial 13.3 cm, 16-gauge 
Teflon 
Venous peripheral 6.3 cm, 18-gauge 
Teflon 
Central venous 100 em, 4 French, 
PVC 
Transducers: 
Statham P23Db for arterial and venous 
catheters 


Königsberg P20 microtransducer for in- 
traventricular pressure measurement 
with linearity to 100 Hz 


Biotronex pulsed logic flow probe around 
ascending aorta with linearity to 80 Hz 
Differentiators: 
R-C type with 90% rise time of 1.8 msec 
Integrator: 
Grass capacitive system 
Ventilator: 
Harvard small animal piston-pump 
Gas analyzers: 
Halothane end-tidal measurements by 
Beckman LB-2 infrared analyzer 
End-tidal CO, measurement by Beckman 
LB-1 analyzer 
Arterial blood —IL series 113 
Temperature control: 
K-thermia® fluid circulating pad 
Temperature (esophageal): 


Yellow Springs multi-probe temperature 
box 
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TABLE 2 
Baseline Variable Values in 6 Mongrel Dogs 





HR [bpm) AP (torr) uu i aa LVEDP (torr) 
Vagi intact 117.6 + 8.2 78.9 + 8.2 3104.5 + 138.8 52.7 + 8.5 5.4 + 1.6 
Vagi severed 122.4 + 8.4 88.2 + 7.7 3142.4 + 164.1 09.9 + 2.8 4.2 + 0.7 
CYP (torr) [Halothane] ey (COzlET Temperature {°C) 
Vagi intact 2.4 + 0.5 0.91 + 0.02% 4.0 + 0.24% 336.82 0.3 
Vagi severed 2.8 + 0.4 0.95 + 0.05% 4.1 + 0.25% 36.8% 0.5 





Absolute baseline values for heart rate (HR), mean arterial pressure (AP) maximum positive rate of 
rise of left ventricular pressure (LVdp/dt,,,,), afterload corrected rate of rise of left ventricular pressure 
(LVdp/dt/CPIP), left ventricular end-diastolic pressure (LVEDP), and central venous pressure (CVP), 
with their respective units, are listed. In addition, end tidal (ET) halothane and CO, concentrations as 
well as rectal temperature are included. Mean values and + 1 SEM are shown for measurements made 
in anesthetized dogs both before and after the cervical vagi were severed. 


RESULTS 


Absolute baseline values for the measured 
variables before and after vagotomy are pre- 
sented in table 2. The only significant dif- 
ferences following vagotomy were the rise 
in AP and decrease of LVEDP. These 
changes can be explained by the light level 
of anesthesia (approximately 1 MAC of 
halothane) and the resultant sympathetic 
response from the surgical and physiologic 
stimulation of vagotomy. There was a trend 
toward an increase in HR following vagot- 
omy, while all other variables remained 
stable within a normal range. The ascending 
aortic flow probes were not calibrated to 
absolute numbers, so that only relative dif- 
ferences in QCar, maximum aortic flow and 
acceleration, and SVR could be calculated. 


Table 3 presents the changes in all vari- 
ables measured and derived as a percentage 
of the particular pre-drug control values. 
There was little change except in AP and 
calculated SVR, even after the administra- 
tion of large doses of atropine. The pres- 
sure and resistance falls were particularly 
marked (about 20%) when proprietary 
atropine preparations were used and only 
one-half as much with the USP drug. The 
differences between the pressure and re- 
sistance changes with USP and commer- 
cial atropine preparations were significant 
(p<0.05), but there was no appreciable 
difference between the cardiovascular re- 
sponse to the Lilly and Elkins-Sinn drugs. 


Interestingly, with the absence of an intact 
vagus nerve system, atropine reduced HR 
slightly, and LVEDP varied erratically. Un- 
corrected LVdp/dt,,,, decreased concomi- 


tantly with AP; however, afterload modifi- 
cation of this index (LVdp/dt/CPIP) elim- 
inated this variation. Q,,,, was unchanged 
by the atropine preparations. 


The last 3 columns in table 3 demon- 
strate the stability of anesthetic level, acid- 
base balance, and core temperature in this 
experiment. 


DISCUSSION 


In general, our data show atropine sulfate 
has little direct cardiac effect, but large 
doses of commercial preparations do possess 
a distinct peripheral action. 


The gross cardiovascular effects of the 
administration of IV atropine in clinical 
practice and in laboratory animals have 
been described previously.” Studies using 
the mean systolic ejection rate as a measure 
of cardiac function in human volunteers sug- 
gest that most change in heart performance 
by atropine sulfate is dependent upon its 
chronotropic action. Our findings, with 
more sophisticated investigative technics, 
support this view. 


The factor LVdp/dt/CPIP is the after- 
load-corrected rate of rise of left ventric- 
ular pressure and follows cardiac inotropic 
changes accurately except under gross pre- 
load (LVEDP) fluctuation. In our study, 
the LVEDP was statistically unchanged 
throughout the experiment. Additionally, 
Qmax Is a good indicator of myocardial “‘con- 
tractility."5 Both these indices demonstrated 
an unvarying ventricular performance fol- 
lowing atropine sulfate in doses up to 10 
times usual clinical amounts. 
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The major change in cardiovascular sta- 
tus was the fall in blood pressure and vas- 
cular resistance following the large dose of 
atropine sulfate. The ratio in this drop be- 
tween the proprietary preparations and the 
USP drug (about 2:1) would make it ap- 
pear that there is some additional vascular 
depressant in the commercial drugs. Evi- 
dence has shown that both chlorobutanol 
(as in the Lilly atropine sulfate) and benzyl 
alcohol (as in the Elkins-Sinn atropine sul- 
fate) produce distinct circulatory depres- 
sion.” 


Since USP atropine sulfate in sterile sa- 
line caused a statistically significant fall in 
blood pressure and vascular resistance as 
well, the pure drug must have some periph- 
eral action. This may come about from 
either a direct action on the vasomotor cen- 
ter or from a peripheral ganglionic blockade 
in larger doses. Both Keck? and Berry!” 
found a decrease in calculated peripheral 
resistance with atropine sulfate administra- 
tion in dogs and humans, respectively. Our 
study supports these findings. 


While atropine sulfate is a well-known 
cardioaccelerating agent, an initial brady- 
cardia following IV, SC, and oral atropine 
administration has been well document- 
ed.!!!? There has been considerable discus- 
sion and investigation into the mechanism 
of action for this paradoxical behavior of 
the drug. The accelerative action is thought 
to be peripherally mediated by postsynap- 
tic blockade of the vagus at the sinoatrial 
node.!* The slowing effect may involve ini- 
tial vagal stimulation either centrally in 
medullary centers!? or peripherally by 
mechanisms yet obscure.!? In our vagotom- 
ized animals, the HR slowing, particularly 
following the large-dose atropine, would 
seem to give credence to some peripheral 
action by the drug. 


'The effect of halothane anesthesia on the 
canine preparation cannot be discounted, In 
human investigation, this drug has attenu- 
ated the normal chronotropic action of atro- 
pine sulfate and blunted the blood pressure 
response.'? While halothane is a well-known 
cardiac depressant, investigation of its inter- 
action in this study was beyond the scope 
of the experiment. 


Finally, on a clinical note, even though 
our work shows a lack of direct cardiac 
effect in the vagotomized canine model, this 
finding should be tempered with caution 
when applied to man with coronary artery 
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disease. Studies by Knoebel's group!" have 
shown that the tachycardia produced by 
atropine sulfate may damage the ischemic 
myocardium by increasing left heart work 
out of proportion to O. supply. 
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INFORMED CONSENT. It is the responsibility of the physician to provide patients 
with information that is pertinent to the decision making process as before a major 
surgical procedure. Twenty patients scheduled for elective cardiac operations (9 for 
atherosclerotic and 11 for valvular heart disease) were interviewed preoperatively with 
emphasis on (1) nature of illness, (2) proposed surgery including risks, benefits, com- 
plications and alternatives and (3) acknowledgement by the patients that they fully 
understood. All underwent successful operations and apparent full recovery. They were 
reinterviewed 4-6 months postoperatively to determine their ability to recall the details 


of the original informed consent interview, 


Findings upon reinterview indicated gener- 


ally poor retention of all aspects covered in the informed consent. There was only 10 
percent primary recall of potential complications and with suggestion this increased to 
23 percent (secondary recall). The average recall in all categories was 29 percent for 
primary and 42 percent for secondary recall. Two patients complained that the informed 
consent interview had been too short yet the documented time spent exceeded 30 minutes. 
This study demonstrates that well-informed patients preoperatively subsequently forget 
most of what they had understood and made qualitative errors in attempts to recall the 
consent interview. It is essential for the physician to document the details of the informed 


consent. (Robinson G, Merar 


A: Informed consent: Recall by patients tested post- 


operatively. Ann Thor Surg 22:209-21 2, 1976) 
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Anesthetic Considerations for Cerebral Computer Tomography 
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Cerebral computer tomography is a recently 
introduced neuroradiologie procedure involving 
tomographic x-rays of horizontal brain sections. 
Although most adults undergo the procedure 
without anesthesia, children and uncooperative 
adults must be given general anesthesia for 
absolute immobility. Of 84 procedures under 
general anesthesia, 10 employed ketamine, 6 
used oral chloral hydrate; 60, endotracheal anes- 
thesia enflurane or halothane; 7 used combina- 


EREBRAL computer tomography (CCT), 
using the EMI scanner, has recently 
become available for aid in the radiologic 
diagnosis of intracranial and orbital lesions.! 
It involves taking tomographic x-rays of 
horizontal brain sections (nominally 13 mm 
or 8 mm thick), each representing 15,600 
(160 x 160) numerical measurements of 
x-ray attenuation.* 5 The procedure is non- 
invasive and provides highly precise quanti- 
tative images unattainable with convention- 
al x-ray systems.? Because of these advan- 
tages, it has decreased, and will continue to 
decrease, the need for more invasive neuro- 
radiologic diagnostic procedures, such as 
pheumoencephalograms and carotid angio- 
grams, which are fraught with many anes- 
thetic problems.®® 


Although CCT is currently available at 
only a limited number of centers in the 
United States and Great Britain, it is im- 
portant for the anesthesiologist to be fa- 
miliar with this procedure because its use 
is rapidly becoming more widespread. 


At UCLA, 4000 CCT studies have been 
performed in the Radiology Department 
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tions of various sedatives. One was performed 
with local anesthesia standby. Ketamine and 
heavy sedation were found to be totally unsatis- 
factory because of airway problems and unpre- 
dictability of motion, which produced image 
artifacts. General endotracheal anesthesia with 
either halothane or enflurane in N2O-O2 was 
found most satisfactory because of better con- 
trol of airway and prevention of motion. 


since November 1974. Although neither se- 
dation nor anesthesia is required for most 
adult patients, children and uncooperative 
adults need to be anesthetized. This paper 
presents our initial anesthesia experience 
with this neurodiagnostic procedure in terms 
of choice of anesthetic technics and associ- 
ated problems unique to the method. 


Procedure for CCT Anesthesia._-The pa- 
tient is placed in a reclining position on a 
special table. After induction of anesthesia, 
the head of the patient is positioned with 
the use of a rubber cap (fig 1) which is 
expanded with water, enveloping the pa- 
tient’s head from the supraorbital margin 
to the vertex. In neonates, the headcap may 
cover the face, so that maintenance of an 
airway without an endotracheal tube is pre- 
carious (fig 2). On studies of the posterior 
fossa, the head must be flexed approximate- 
ly 20°, necessitating careful attention to 
changes in endotracheal tube position or 
kinking. 


After the patient is properly positioned, 
the cerebral tomogram process is started. It 
consists of 4 to 8 scanning runs of 5 minutes 
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Fic 1. Patient positioned with head, enclosed in 
water bag, in EMI scanner. Note inaccessibility of 
patient's head to anesthesiologist. 
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Fic 2. Neonate in EMI scanner, showing water 
bag enclosing entire head. So much of the infant is 
covered by the water bag that only shoulders and 
trunk are visible. 





each, each run producing two adjacent sec- 
tional images. During this time, it is man- 
datory that the patient be immobile to pro- 
duce a clear image (fig 3). Any slight move- 
ment will cause image artifacts (| fip 4). 
After the procedure is finished, the patient 
is allowed to emerge from anesthesia, is 
extubated, and is transferred to the recovery 
room. 


We studied retrospectively 84 CCT pa- 
tients given general anesthesia and cate- 
gorized them according to type of anes- 
thetic used and problems encountered, in 


the hope of suggesting the best type of anes-. 


thesia for this procedure. 


RESULTS 


General endotracheal anesthesia was most 
commonly used, being employed in 60/84 
patients (table 1). This was understandable 
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Fic 3. Artifact-free EMI 
anesthesia. 


scan during general 
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Fic 4. EMI scan with motion artifacts during 
ketamine anesthesia. 


because of the advantages of airway main- 
tenance and the predictability that motion 
would not occur; however, it has the disad- 
vantage of exposing the pediatric patient to 
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TABLE 1 
Various Types of Anesthesia Used for EMI 
(n == 84) 
Children Adults 
(n — 78} (a — 6) 
1. Generalendotracheal (60) 
anesthesia 
A. Enflurane-N;O-O; 12 
B. Halothane-N;O-O; 44 
2. Ketamine (10) 
Alone 4 0 
Supplemented with 6 0 
other agents 
3. Chloral hydrate (6) 6 0 
4. Sedation with (7) 6 1 


combination of 
2 or more of: 
diazepam, thiopental, 
Innovar®, meperidine 
5. None (local (1) 1 
anesthetic standby) 


— Á—' 0000000000000 Hem 


Total "8 6 
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the usual hazards of intubation, such as 
laryngospasm after extubation. In our series, 
laryngospasm occurred in 8/60 general-anes- 
thetic patients and in 1/10 ketamine pro- 
cedures. In an environment, such as an 
x-ray room, away from the operating room, 
such a complication may be catastrophic if 
one is totally unprepared for it. In our 
cases, prompt relief was obtained with posi- 
tive pressure O, and/or succinylcholine, 
other minor anesthetic complications that 
occurred are seen in table 2. 


There is also a resistance to the use of 
“deep general anesthesia" for such nonin- 
vasive procedures. However, we felt that 
general endotracheal anesthesia was safer 


TABLE 2 
Anesthetic Complications 
Sedation 


General Ketamine 





(n — 60) {nm = 10) (n 14) 
1. Movement, 1 6 5 
necessitating 
aborting the 
procedure 
2. Fallin 3 0 0 
temperature 
3. Laryngospasm 8 I 
4. Vomiting 1 0 0 
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in small infants, whose neck needed to be 
flexed and whose external nares could be en- 
closed by the oversized water bag. These 
patients develop airway obstruction predict- 
ably and, therefore, a sure airway in terms 
of an endotracheal tube is necessary. 


The use of ketamine, if increased intra- 
cranial pressure is not a complication, was 
initially considered ideal. Theoretically, it 
would be the choice for a noninvasive pro- 
cedure such as EMI because of its property 
of preserving the airway reflexes. However, 


it was found not to be ideal because of the 


occurrence of intermittent patient motion, 
which produced image artifacts, making it 
necessary to repeat multiple scans. 'The pa- 
tients also stayed in the recovery room for 
a prolonged period, making it unsatisfactory 
for use in outpatients, who comprised 25 
percent of the total. 


Chloral hydrate by mouth was used in 
6 patients. The problems encountered were 
long onset of sedation (20-to-30 minutes) 
and again movement artifacts occurred fre- 
quently. 


Sedative combinations were found unsat- 
isfactory because of the unpredictability of 
patient movement; although patients would 
appear sedated prior to positioning, restless- 
ness occurred when the head was enveloped 
with the water bag, and the entire effort of 
the procedure was defeated. 


Special Considerations. 


1. Patient Body Temperature.— The room 
temperature is always kept at 70-72? F, 
since the scanner puts out a large quantity 
of heat and is quite sensitive to the ambient 
temperature. The infant's head is totally 
enveloped in a water-filled bag, thus expos- 
ing a large proportion of body surface to 
heat loss via conduction. Because of these 
two reasons, the temperature of smaller in- 
fants tends to be lowered during this pro- 
cedure. Five patients under 6 months of 
age had temperatures of 32 to 33? C upon 
arrival in the recovery room. Since then, 
we have monitored the temperature of all 
patients, and a warming light is constantly 
available in the room. 


2. Radiation Exposure to Anesthesia Per- 
sonnel.— Previous studies have shown that 
the radiation exposure to the patient is 
similar to that of a conventional skull x-ray 
series, much less than during a pneumoen- 
cephalogram or carotid angiogram proce- 
dure.!?.!! Exposure values in the room are 


Cerebral Computer Tomography .. . Ferrer-Brechner and Winter 


minimal, particularly on the patient's left, 
where we situate anesthesia personnel. How- 
ever, all anesthesia personnel wear lead 
aprons as a precautionary measure. 


3. Contrast Enhancement. —A large 
amount of hypertonic iodinated contrast 
media is often administered IV during the 
study, to identify breakdown of the blood- 
brain barrier, as is seen in neoplasms and 
abscesses. Renal shutdown can result if the 
patient is dehydrated. Alternatively, fluid 
overload can precipitate pulmonary edema 
as well as unrecognized bladder distention 
in the recovery room. Allergic reactions, in- 
cluding occasional cases of anaphylaxis, can 
occur, !? 


In summary, general endotracheal anes- 
thesia has been found best to prevent airway 
problems and undesirable movements during 
CCT. 
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NALOXONE AND THE NEWBORN. Unlike nalorphine or levallorphan, naloxone has 
no agonist activity and should be a safe drug in the neonate suspected to manifest 
narcotic-produced depression. Naloxone 40 „g was administered intravenously 1 minute 
after birth to twenty infants (3.25 kg) delivered from mothers having received meperi- 
dine analgesia (average 173 mg). Alveolar PCO., alveolar ventilation and ventilatory 
rate were measured 10 and 30 minutes after birth and compared with neonates not 
receiving naloxone delivered from mothers receiving meperidine analgesia or epidural 


anesthesia without narcotics. 


The untreated neonates whose mothers had received 


meperidine had a higher P,CO:, a lower alveolar ventilation and a lower ventilatory rate 
than the neonates of mothers who received no narcotics. Intravenous naloxone lowered 
P.CO. to levels comparable with the neonates delivered from mothers receiving epidural 
anesthesia. However, by 30 minutes the effects of naloxone were waning. (Evans JM, 
Hogg MIJ, Rosen M: Reversal of narcotic depression in the neonate by naloxone. Brit 


Med J: 2:1098-1100, 1976) 
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Physostigmine Reversal of Diazepam-Induced Depression 


G. FOSTER LARSON, MD* 
BARBARA J. HURLBERT, MDT 
DANIEL W. WINGARD, MDz 


Omaha, Nebraska§ 


Diazepam is a valuable and widely-used adjunct 
to many inpatient and outpatient diagnostic 
and therapeutic procedures. However, the oc- 
casional and often unexpected delirium or coma 
induced by even modest doses of diazepam 


D» is frequently administered as 
a sedative for numerous inpatient pro- 
cedures including endoscopy, arteriography, 
and in the preparation of patients for opera- 
tion; significant use is also being made of 
this agent in outpatient orthopedic, oral- 
surgery, and diagnostic radiology clinics as 
well. Consistent with the increasing use of 
diazepam in a wide spectrum of patients 
have come reports of adverse effects, of 
which the most alarming are respiratory ar- 
rest and coma.! 


In many instances, these serious compli- 
cations have been produced with relatively 
small doses of the drug, and though most 
such events seem to occur in the more elder- 
ly and debilitated patient, young healthy 
individuals have also been susceptible. 


The 4 cases presented are representative 
of different clinical situations involving the 
use of diazepam, illustrating both the devel- 
opment of respiratory arrest and coma with 
appropriate use of the drug and the prompt 
reversal by physostigmine of these life- 
threatening conditions. 


* Assistant Professor. 
tAssistant Professor. 


iProfessor and Chairman. 


can be life threatening. Four cases are re- 
ported whieh demonstrate the prompt and 
effective reversal of diazepam-induced delirium 
and coma by the administration of physostig- 
mine. 


REPORT OF CASES 


Case 1.—A 45-year-old woman with a 
questionable history of cardiomyopathy, un- 
dergoing cardiac catheterization after a re- 
cent bout of severe, crushing chest pain, had 
been taking propranolol (40 mg) qid, iso- 
sorbide dinitrate (2.5 mg) sublingually (SL) 
qid, quinidine (200 mg) every 6 hours, and 
nitroglycerine gr 1/150 prn. All drugs had 
been discontinued the day before the study 
except a lidocaine drip, which was regulated 
at 1.5 to 2 mg/min to control frequent PVCs. 


When the patient was taken to the cardiac 
catheterization laboratory, she was unse- 
dated and had a lidocaine drip running at 
2 mg/min. During the procedure, the pa- 
tient developed bradycardia and was given 
1 mg IV atropine at 1600 hr. At 1641, she 
complained of severe chest pain and was 
given gr 1/300 nitroglycerine SL, followed 
by a 2nd dose 4 minutes later, without re- 
sponse. Severe chest pain continued, first 
radiating into the left arm and then into 
both arms and neck. After the 2nd dose of 
nitroglycerine, 40 mg furosemide was given. 


$Department of Anesthesiology, University of Nebraska Medical Center, Omaha, Nebraska 68105. 
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Pulmonary artery diastolic pressure at this 
time was 4 to 6 torr and LVEDP was ap- 
proximately 6 to 8 torr. 


At 1652, after the pain had persisted for 
12 minutes, the cardiologist elected to se- 
date the patient with 5 mg IV diazepam. 
One minute later, 5 mg more of diazepam 
was given, for a total dose of 10 mg IV. 
With this, the patient became unresponsive 
and had a respiratory arrest requiring con- 
trolled ventilation. It was elected to attempt 
reversal of the diazepam rather than intu- 
bation and continued controlled ventilation. 


At 1720, 28 minutes after the 1st dose of 
diazepam, 1 mg of physostigmine was given 
slowly IV. By the end of the infusion, the 
patient had begun breathing on her own 
and was arousing. Within several minutes 
she was awake, conversing and moving all 
extremities, and had no further complaints. 
The procedure was completed uneventfully 
without further drug therapy. A right ven- 
tricular pacing catheter was placed and a 
temporary demand pacer, at a rate of 70 
bpm, was instituted. The cardiac catheter- 
ization showed a left ventricular aneurysm 
and occlusion of the LAD coronary artery. 
Five days later, she underwent resection of 
the aneurysm involving one-third of her left 
ventricle on the pump oxygenator without 
problem. 


Case 2.—'This 25-year-old, mildly retarded 
man, admitted for removal of a ganglion of 
the left wrist, walked unmedicated to the 
preoperative area the morning of the pro- 
cedure and was readied for operation. A 
routine IV with D5/LR was begun in the 
opposite hand, as it was the intent of the 
anesthesiologist to administer an axillary 
block with 40 ml of 1.25 percent lidocaine 
with 1:200,000 epinephrine. Because of the 
patient’s anxiety, he was sedated slightly 
prior to performance of the block. After vital 
signs were recorded (resp 20, HR 88, BP 
122/80), diazepam was slowly injected IV. 


Upon completion of administration of 2.5 
mg of IV diazepam, the patient became un- 
conscious and apneic. A mask was placed 
and controlled ventilation was begun. Phys- 
ostigmine (1 mg) was given slowly IV. 
After 1 to 2 minutes, the patient resumed 
ventilation and awakened, resuming his pre- 
vious conversation as if he had never 
stopped, and was totally unaware of the pe- 
riod of unconsciousness. The procedure was 
completed uneventfully with an axillary 
block, IV meperidine (50 mg) being given 
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slowly and incrementally during the pro- 
cedure. 


Case 3.—A 19-year-old man who had been 
taking propoxyphene napsylate (Darvon-N®) 
(100 mg) every 3 to 4 hours, prescribed for 
pain sustained after a knife injury to his 
back 5 days before admission, was also tak- 
ing 5 mg diazepam qid for muscle spasms 
resulting from this injury. The night before 
admission to the ER, he became severely de- 
pressed, swallowed 21 Darvon-N and 12 di- 
azepam 5 mg tablets (the remains of a 
prescription for 30 Darvon-N and 20 Vali- 
um®), drank half a beer, and went to bed. 


The following morning he could not be 
aroused and was brought by ambulance to 
the ER, where he was found to be lethargic, 
with a respiratory rate of 28 and a small 
tidal volume. The patient reacted to pain- 
ful stimuli by movement of extremities but 
was slow to respond with meaningful speech. 
The ER physician attempted to intubate the 
patient and found an active gag reflex upon 
insertion of the laryngoscope blade. At this 
point, it was elected to reverse the obtunda- 
tion rather than intubate. 


Physostigmine (2 mg) was given slowly 
IV over the next several minutes, noting 
first an increase in depth of respirations and 
finally arousal. Within minutes, the patient 
was only somewhat sleepy and began com- 
plaining of back pain. He was able to sit 
up, give a history, and converse. He was 
admitted for observation and treatment of 
bilateral infiltrates, presumed to be aspira- 
tion pneumonia. He did not again lapse 
into an obtunded state or require further 
drug reversal. 


Case 4.--A 67-year-old woman was ad- 
mitted for biopsy and cryotherapy for a 
lesion at the base of the tongue under local 
anesthesia by an otorhinolaryngologist. An 
IV was started in the hand and D5/LR was 
begun in preparation for the procedure. The 
surgeon intended to sedate the patient IV, 
for better patient cooperation, before in- 
stilling topical and local anesthesia with 
lidocaine. A total of 50 mg meperidine had 
been given IV slowly over a 10 to 15-minute 
period, with frequent BP checks, when 5 
mg diazepam was given IV for sedation be- 
fore proceeding with.the local anesthetic. 
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airway was maintained by forward exten- 
sion of the lower jaw, while 2 mg physostig- 
mine was given IV slowly. After 2 to 3 min- 
utes, the patient was alert, maintaining her 
own airway, and talking. The procedure was 
performed uneventfully with a fully coop- 
erative patient without the aid of further 
drugs. 


COMMENTS 


That physostigmine might serve as an 
antidote to the occasionally marked depres- 
sant effects of diazepam is not a new idea. 
Bernards,” as an outgrowth of his observa- 
tions on reversal of phenothiazine-induced 
coma with physostigmine, suggested that the 
latter may have been effective in reversing 
diazepam depression which accompanied an 
overdose of thioridazine. More recently, 
DiLiberti and associates? reported the effi- 
cacy of IM physostigmine in treating a large 
oral diazepam overdose in a 23-month-old 
child. Rosenberg* described the administra- 
tion of physostigmine to a depressed post- 
operative patient, suggesting that the buty- 
rophenones and diazepam might be added 
to the list of drugs for which physostigmine 
seemed a useful antidote, though no docu- 
mentation of its efficacy for reversing either 
drug alone was available. The delirium in- 
duced by lorazepam, a benzodiazepine de- 
rivative recently made available for clinical 
investigation, has been successfully reversed 
by physostigmine; the authors made no 
mention of any experience with diazepam 
in this context.? 


Physostigmine, which permeates the 
blood-brain barrier because of its uncharged 
tertiary-amine structure, increases brain 
acetylcholine levels by cholinesterase inhibi- 
tion.? Hence, it has been used successfully 
in ameliorating the “central anticholinergic 
syndrome” induced by a variety of agents 
with anticholinergic properties, including 
atropine, scopolamine, tricyclic antidepres- 
sants, and antiparkinsonian drugs.'!* In 
addition, there is increasing evidence that 
marked central depression caused by tran- 
quilizers can be reversed by physostig- 
mine.?2 For those tranquilizers with known 
anticholinergic properties, such as the phe- 
nothiazines and butyrophenones, the mech- 
anism of reversal by physostigmine may be 
the same as for other anticholinergic drugs. 


However, diazepam does not appear to 
have anticholinergic properties; thus, its 
reversal by physostigmine cannot be ex- 
plained as a reversal of cholinergic blockade. 
Bernards? has suggested that the ability of 
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physostigmine to reverse the central depres- 
sion of various tranquilizers, including di- 
azepam, might be due to a nonspecific ana- 
leptic property of physostigmine. Until the 
mechanism of action of diazepam is known, 
the action of physostigmine in reversing 
diazepam-induced delirium and coma must 
remain purely speculative. 


The cases we have presented are typical 
of situations wherein diazepam, a drug con- 
sidered to be relatively “safe,” has caused 
the life-threatening hazards of coma and re- 
spiratory arrest. Case 2 illustrates coma and 
apnea from only 2.5 mg of diazepam, a dose 
considered small for an apparently healthy 
individual. This case also illustrates that 
physostigmine can reverse CNS depression 
from diazepam alone, since no other drugs 
were being used. 


Likewise, case 3 is important because only 
50 mg of meperidine and 5 mg of diazepam 
were given. To our knowledge, there is no 
evidence that physostigmine will reverse the 
central depression from narcotics. Thus, the 
reversal of the depression most likely was 
related to reversal of the diazepam. 


The other 2 cases represent the use of 
multiple drugs which could play a part in 
the cause of diazepam depression. Both atro- 
pine and lidocaine were used in case 1. It 
is quite possible that these 2 drugs could 
have been partly responsible for the depres- 
sion and for the reversal response by physo- 
stigmine. 'This is particularly true of atro- 
pine because of its anticholinergic proper- 
ties. However, the coma did not occur until 
after diazepam was given, and the reversal 
by a single small dose of physostigmine was 
complete and lasting, suggesting that the 
primary physostigmine effect was on rever- 
sal of diazepam. 


In the final case, alcohol and propoxy- 
phene napsylate, both known to potentiate 
CNS depressants in large doses, may have 
contributed to the depression. There is no 
evidence that physostigmine is useful in the 
reversal of either alcohol-induced depression 
or propoxyphene napsylate overdose. Many 
of the reports of drug-induced depression 
reversed by physostigmine involve multiple 
combinations of drugs. Usually, the combi- 
nation involves both tranquilizers and other 
known anticholinergic agents. 


Of particular importance is a recent re- 
port by Manoguerra and Ruiz!* describing 
the use of physostigmine to treat anticholin- 
ergic poisoning in 109 patients. Many of 
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Figure. Continuous slow-speed recording (paper speed 1.25 mm/sec) domonstrates progressive reduc- 
tion of digital pulse-wave amplitude as sympathetic recovery begins. 


is maintained at a constant position and 
pressure on the digit, the relative change in 
pulse-wave amplitude from a known base- 
line indicates a change in digital blood flow. 
If the pulse-wave amplitude is recorded con- 
tinuously with a slow-speed recorder, this 
relative change from the baseline becomes 
apparent (figure). 


After the operations had been completed 
under satisfactory spinal or epidural block, 
the level of analgesia was determined by 
pinprick, and sympathetic denervation of 
the extremity was noted by estimation of ele- 
vated skin temperature and venous dilation. 
Upon ascertaining the presence of sympa- 
thetic denervation clinically, we applied a 
pulse-wave probe to the great toe with alu- 
minum foil and adhesive tape. The gain of 
the pulse-wave amplitude was adjusted to 
a range at which the entire tracing was con- 
fined to the limits of the recording paper. 
To obtain such a range in the presence of 
sympathetic denervation, the gain of the 
pulse-wave monitor and the recorder usually 
had to be turned down. 


Once a satisfactory recording was ob- 
tained, the tracing was continuously record- 
ed with the machine set on slow speed 
(paper speed, 1.25 mm/sec). Patients were 
asked not to move the monitored toe exces- 
sively. The level of analgesia was frequently 
determined and a notation was made on the 
paper while the pulse-wave recording was 
in progress. In patients receiving continu- 
ous epidural analgesia, an additional dose 
of local anesthetic was administered for 
postoperative pain relief. 


In the 10 parturients in labor, fractional 
doses of local anesthetic were administered 
through an epidural catheter to achieve a 
T-10 level of analgesia. Both induction and 
recovery of the block were monitored. 


A single dose of tetracaine was used for 
spinal blocks and fractional doses of 2-chlor- 
oprocaine were administered through a cath- 


eter for epidural blocks. The total amount 
of anesthetic agent or addition of epineph- 
rine was not controlled. The short duration 
of effect of 2-chloroprocaine for epidural 
block allowed prompt completion of the 
study. 


Excluded from the study were: 


1. Patients who had moved the moni- 
tored toe excessively, resulting in a changed 
position of the monitoring probe. This was 
the major excluding factor in epidural block. 


2. Uncooperative patients whose level of 
analgesia could not be reliably determined. 


3. Patients with peripheral vascular or 
nervous diseases. 


4. Epidural patients who received local 
anesthetic agents in the Trendelenburg po- 
sition. 


9. Patients who received vasoactive drugs, 
such as intravenous oxytocin, MgSO,, vaso- 
pressors, etc, especially during the recovery 
period. 


RESULTS 


In patients given spinal blocks, as the 
level of analgesia regressed to 'T9-11 (mean 
T-10.2), the toe pulse-wave amplitude be- 
gan to decrease. In those receiving continu- 
ous epidural block, as the toe pulse-wave 
amplitude began to decrease, the level of 
analgesia was found to be at T8-11 (mean 
T-9.8). 


All 10 parturients experienced significant 
pain relief, but all felt pressure with each 
uterine contraction at the T-11 level of an- 
algesia. 'There was a slight increase in toe 
pulse-wave amplitude at this level, but it 
was decreased with uterine contraction. 
When the level of analgesia ascended to 
T-10 or above, the patients could no longer 
feel the pressure of uterine contraction, and 
the decreasing pulse-wave amplitude corres- 
ponding to uterine contraction was not ap- 
parent. 
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DISCUSSION 


The change in digital pulse-wave ampli- 
tude follows alternating sympathetic tone 
almost instantly. Johnstone! reported that 
an IM injection in an awake, premedicated 
patient caused an immediate decrease in 
finger pulse-wave amplitude. He also ob- 
served that laryngoscopy, intubation, and 
skin incision under light general anesthesia 
resulted in a similar decrease in amplitude. 


DeJong and Cullen? postulated that these 
pain impulses are transmitted by unmyelin- 
ated nerve fibers traveling to sympathetic 
ganglia. Some of these fibers ascend above 
the T-10 sympathetic ganglia before joining 
the spinal nerves. The unsatisfactory anal- 
gesia produced by low spinal or epidural 
block for operations of the lower extremity 
and pelvic organs and 1st-stage labor could 
be explained on the same anatomic basis. 


Recently, Stanton-Hicks and associates? 
used psychogalvanic reflex to ascertain the 
sympathetic activity of the lower extremity 
following etidocaine and lidocaine epidural 
blocks. They found that sympathetic activ- 
ity recovered as the level of analgesia re- 
gressed below T9-10. 


The more distal vessels of the extremity 
have a greater number of sympathetic fibers 
than the more proximal vessels. The arteri- 
oles and arteriovenous shunts in the finger 
and toe are almost exclusively under sym- 
pathetic control and do not exhibit basal 
tone. Therefore, the blood flow in these 
areas depends upon the sympathetic tone. 
Sympathetic denervation results in maximal 
vasodilation and blood flow to the affected 
digit. As sympathetic activity is regained, 
digital blood flow will be decreased by vaso- 
constriction. 


In previous papers,*? increases in digital 
blood flow after sympathectomy, sympa- 
thetic block and epidural blocks were de- 
scribed as an increased digital pulse-wave 
amplitude on the photoelectric plethysmo- 
graph (pulse-wave monitor). The ampli- 
tude was decreased with sympathetic recov- 
ery following epidural block. 


The T-10 to L-2 spinal cord segments 
send preganglionic sympathetic fibers to the 
lower extremity; some of the fibers termi- 
nate in the 1st ganglion reached, and others 
pass caudad to several ganglia along the 
chain. Each preganglionic fiber may give 
collaterals to several chain ganglia and may 
terminate as many as 15 to 32 postgangli- 
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onic neurons.*? Stimulation of the anterior 
roots of the 4th thoracic nerve produce pilo- 
motor activity in the sensory areas inner- 
vated by the 5th cervical through the 6th 
thoracic anterior roots." 


We interpret the foregoing as follows: 
Paralysis of the same spinal nerve produces 
little or no sympathetic denervation in the 
same area, due to extensive overlapping in 
postganglionic sympathetic innervaticn. If 
one preganglionic fiber among the T-10 to 
L-2 segments recovers from the block, it may 
conduct sympathetic impulses to 15 to 32 
postganglionic fibers terminating in the ex- 
tremity. Postoperative pain augments sym- 
pathetic discharge. 


In surgical lumbar sympathectomy, the 
removal of L2-3 paravertebral sympathetic 
ganglia resulted in clinical signs of sym- 
pathetic denervation in the lower extremity 
on that side. The increase in toe pulse-wave 
amplitude coincided with clinical signs of 
sympathetic denervation. Both pre- and 
postganglionic sympathetic fibers are inter- 
rupted by sympathectomy. We! previously 
found that increasing toe pulse-wave ampli- 
tude could be observed within 30 seeonds 
after lumbar sympathectomy. 


By contrast, the sympathetic denervation 
accompanying spinal or epidural block re- 
sults mainly from preganglionic sympathet- 
ic blockade. In many low spinal klocks 
(level of analgesia T-11 or below), we have 
observed no clinical evidence of sympathet- 
ic denervation in the presence of good motor 
and sensory block in the lower extremity. 
The toe pulse-wave monitor also did not 
show evidence of increased blood flow. In 
obstetric epidural block at the T-11 level 
of analgesia, the toe pulse-wave amplitude 
slightly increased, but it decreased with 
uterine contraction. 'This indicates incom- 
plete sympathetic denervation of the lower 
extremity at this level of analgesia. As the 
level of analgesia approached 'T-10 or above, 
the variation of toe pulse-wave amplitude 
with uterine contraction was no longer ap- 
parent. 


'The mean level of analgesia at which sym- 
pathetic recovery began was T-10.2 with 
spinal block, and T-9.8 with epidural block, 
a difference of only 0.4 segment. The site 
of action of the local anesthetic may be at 
the same preganglionic sympathetic fibers 
in both spinal and epidural blocks. However, 
this could result from many variables. 


Three characteristic differences between 
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epidural and spinal block warrant mention. 
First, a significant amount of local anes- 
thetic agent escapes through the interverte- 
bral foramina. This could block the para- 
vertebral ganglia as well as preganglionic 
fibers, especially in young patients. 


We!? previously reported that if the tip 
of the epidural catheter deviated toward an 
intervertebral foramen, 2 ml of 2 percent 
mepivacaine initiated sympathetic block of 
the leg on that side within 1 minute. We 
now postulate that a small amount of local 
anesthetic agent, administered through a 
deviated catheter, blocks L-1 or L-2 para- 
vertebral ganglia. 


Second, recovery of epidural block pro- 
ceeds from both upper and lower spinal 
cord segments simultaneously. If the local 
anesthetic agent is administered in the 
Trendelenburg position, a high level of anal- 
gesia can be achieved. However, the lower 
level of the block could regress cephalad, 
resulting in a faster sympathetic recovery at 
the higher level of analgesia. In such cases, 
a beltlike area of analgesia was detected 
upon recovery from the block. 


Third, in contrast to epidural analgesia, 
sympathetic recovery after spinal block usu- 
ally begins in the presence of a good motor 
block of the lower extremity. Roe and 
Cohn,!! measuring decreases in skin tem- 
perature of the foot as evidence of sympa- 
thetic recovery following spinal block, found 
that sympathetic recovery begins as the 
level of thermosensory anesthesia regresses 
between the 5th and 6th thoracic vertebrae 
and is complete between the level of the 
12th thoracic and 4th lumbar vertebrae. 


CONCLUSIONS 


As the level of analgesia regresses to 
T8-11 following spinal or epidural block, the 
blood flow of the toe begins to decrease. 
Sympathetic denervation following spinal or 
epidural block seems to result from block- 
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ade of preganglionic sympathetic fibers. 'The 
T-10 to L-2 spinal cord segments deliver 
preganglionic fibers to the lower extremity. 
Each preganglionic fiber may send collater- 
als to several paravertebral ganglia and may 
synapse with as many as 15 to 35 post- 
ganglionic fibers, causing extensive over- 
lapping in postganglionic sympathetic in- 
nervation. When one of the preganglionic 
fibers (T-10 to L-2) recovers from either 
epidural or spinal block, the sympathetic 
activity of the lower extremity resumes. 
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A case of postintubation acute respiratory dis- 
tress due to annular mucosal slough from the 
laryngotracheal area is reported, with accom- 


S LOUGH of laryngotracheal mucosa due to 
pressure necrosis and slough of casts 
due to traumatic membranous tracheola- 
ryngitis in the region of hyperinflated cuffs 
have been reported as a late complication 
following prolonged endotracheal intuba- 
tion. However, the cases reported lack 
positive evidence that mucosal slough did 
occur. 


We believe that the case described here 
will aid in a better understanding of the 
mechanism of different types of slough and 
may stimulate further investigation into pos- 
sible sites, overall therapeutic approach in 
acute situations, and prevention of such 
injuries. 


CASE REPORT 


A slight (47 kg, 160 cm) 19-year-old man 
with symptoms of Noonan’s syndrome un- 
derwent pulmonary valvulotomy under car- 
diopulmonary bypass to correct severe 
symptomatic pulmonary stenosis. After a 
smooth induction with diazepam, thiopental, 
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panying histopathologic-section slides. An opti- 
mal therapeutic approach to, prevention of, and 
possible origins of such injuries are proposed. 


morphine, N.O-O., and pancuronium, an 
8-mm clear Portex® endotracheal tube with 
polyvinylchloride cuff was inserted without 
problems. The cuff was inflated carefully 
until there was no air leak around it during 
ventilation. 


Operative time was 5 hours, pulmonary 
bypass time 20 minutes; mean arterial pres- 
sure was maintained above 60 torr through- 
out. The patient was taken to the intensive 
care unit (ICU) in good condition and 
placed on a volume ventilator until the fol- 
lowing morning. After evaluation of his re- 
spiratory status, he was extubated; total in- 
tubation time was 24 hours. 


The patient's overall course in the ICU 
was uneventful and he was transferred to 
his room on the 3rd postoperative morning. 
Only 2 hours after he was admitted to his 
room, while eating his lunch, he suddenly 
coughed and motioned as if he were about 
to vomit. He became tachypneic and cyan- 
otic with brassy cough, severe chest-wall re- 
traction, and pronounced expiratory crow. 
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Fig 1. An annular ring of necrotic tissue, 1.8 cm 
in length and 1 cm diameter, coughed up from 
patient's airway. 


Widespread respiratory wheezes were heard 
all over the chest. Stat portable chest x-rays 
were taken and the patient was returned to 
the ICU. As an emergency measure, epi- 
nephrine, steroids, aminophyllin, and O, 
were administered, to no avail. 


From the obstructive pattern of labored 
respiration with no evidence of pulmonary 
edema, simple mechanical airway obstruc- 
tion was diagnosed and the patient was tak- 
en to the operating room for bronchoscopy. 
Immediately upon intubation in the semi- 
sitting position, respiratory distress was re- 
lieved and the patient started breathing with 
ease. After careful tracheobronchial toilet 
and oxygenation, the endotracheal tube was 
withdrawn, cuff inflated, with the hope that 
the obstructing agent would be removed 
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with it. This procedure brought a patch of 
tissue (fig 1) into the patient's mouth. Mi- 
croscopic study determined it to be mucosal 
slough. 


The patient did well postoperatively and 
was discharged on the 14th postoperative 
day. 


DISCUSSION 


'Transtracheal pressure exerted by differ- 
ent cuffed endotracheal tubes were studied 
in vitro on excised human trachea by 
Dobrin's group.” In their formulations, they 
assert that transtracheal pressure is approxi- 
mately P — P., the final intercuff pressure 
(P) minus the intracuff pressure (P,.) at 
the time the cuff, during slow, careful infla- 
tion, first makes contact with the tracheal 
wall and begins to effect a seal. From tabu- 
lated volume-pressure curves, they demon- 
strated that cuffs with steep curves, are stiff, 
or have low compliance, exert high trans- 
tracheal pressures when inflated beyond con- 
tact, as the P — P. difference is very large 
for a small change in injected volume. 'The 
converse is true for cuffs with high compli- 
ance, exerting low transtracheal pressures. 
Thus, when high-pressure cuffs are over- 
inflated, transtracheal pressures may easily 
exceed capillary pressure and produce ische- 


mia. 





Fig 2. Microscopic section from tissue (fig 1). On the inner surface of the tubular membrane are 
occasional fragments of mucosa. Cell nuclei are hyperchromatic and pyknotic. In the submucosa are 
deposits of fibrin and infiltrates of leukocytes associated with necrotic tissue and hemorrhage. In portions 
of the membrane deep to the mucosal surface portions of blood vessels can be identifed. H & E x 63. 
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Fic 3. Another portion of the tissue shows epithelium slightly elevated, giving the appearance of a 
sessile polyp. A PAS-positive basement membrane is evident, with remnants of a blood vessel just deep to 


the mucosa. PAS X 160. 


Because the tracheal cartilages are semi- 
lunar incomplete rings the ends of which 
are joined by fibromuscular material, they 
can expand during prolonged intubation, 
and larger P, is required for the greater cuff 
volume necessary to accommodate the ex- 
pansion. Also, P will decrease with expand- 
ing volume. The P — P, difference will thus 
decrease, and the pressure exerted on the 
wall, though probably ischemic initially, 
could well diminish in time to tolerable 
levels below capillary pressures. 


However, the cricoid cartilage forms a 
complete ring and is the only area which 
will not expand around the cuff. Thus, P, 
will not change in time and the cricoid area 
is most susceptible to sustained ischemic 
pressure, resulting in sloughing. Since we 
did not employ bronchoscopy either for re- 
moval of the slough or afterwards, the exact 
area of slough was not determined. 


In the case reported by Grimm and 
Knight, autopsy revealed necrosis and a 
firmly adherent gelatinous mucous plug at 
the level of the cricoid cartilage. 


CONCLUSIONS 


Mucosal slough due to pressure necrosis 
may result from the use of high-pressure 
cuffs, most probably in the cricoid area. 


When high-pressure cuffs are utilized, hypo- 
tension and duration of cuff inflation are 
important factors to be considered. 


In acute emergencies, the best method of 
treatment may well be immediate intuba- 
tion to relieve obstruction; if a removable 
obstructing agent is suspected, possibiy its 
removal should be attempted by withdrawal 
of the endotracheal tube while the cuff re- 
mains inflated. Bronchoscopy should fol- 
low, as required and as time allows. 


REFERENCES 


1. Turner FL, Edin MB: Sloughs of tracheal 
mucosa. Lancet 2:237-238, 1949 


2. Dark J, Jewsbury P: Post operative mem- 
branous tracheo-bronchitis. Lancet 1:430.431, 1955 


3. Grimm JE, Knight RT: An improved intra- 
tracheal technique. Anesthesiology 4:6-11, 1943 


4. Muir AP, Straton J: Membranous laryngo- 
tracheitis following endotracheal intubation. Anaes- 
thesia 9:105-113, 1954 


5. Lu AT, Koobs DH: The pathology of laryngo- 
tracheal complications. Arch Otolaryngol 74:105- 
114, 1961 


6. Tonkin JP, Harrison GA: The effect on the 
larynx of prolonged endotracheal intubation. Med J 
Aust 2:581-587, 1966 


7. Dobrin PB, Goldberg EM, Canfield TE: The 
endotracheal cuff: a comparative study. Anesth 
Analg 53:456-460, 1974 





ANESTHESIA AND ANALGESIA .. . Current Researches VoL. 56, No. 3, MAY-JUNE, 1977 


359 


Faulty Anesthesia Circuits: A Source of Environmental 
Pollution in the Operating Room 
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Commonly used disposable anesthesia circuits 
were studied for leak and gas spillage. Trace 
anesthetic gas concentrations produced by 
these circuits in the anesthesiologist's breath- 
ing zone were analyzed by a Hewlett-Packard 
Gas Chromatograph. These measurements dem- 
onstrated ambient halothane (3.29 + 0.1 ppm) 
and N,O (333.5 + 2.31 ppm) concentrations 
well above target levels, when swivel-type 


A “~no health hazard for operating room 

(OR) personnel is said to exist as a 
result of prolonged exposure to trace 
amounts of inhalation anesthetic gases 
found in the OR environment. Purported 
abnormalities include an increased frequen- 
cy of abortion? and congenital anomalies? 
immunosuppression,* bone marrow suppres- 
sion,® increased frequency of lymphoid and 
reticuloendothelial tumors,^7 hepatic? and 
renal dysfunction,” and central nervous sys- 
tem disturbances.!9.11 


A variety of scavenging systems have 
been designed to decrease ambient anes- 
thetic concentrations and thereby decrease 
exposure risk. Each of these systems re- 
moves gas overflow from the system pop-off 
valve. New anesthesia ventilators are also 
fitted with gas-evacuating systems which de- 
pend on capture of excess gases. OR con- 
tamination may still occur if anesthetics 
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disposable anesthesia circuits were used, de- 
spite the presence of standard gas-scavenging 
devices and appropriate operating room fresh 
air exchange rates. Lower ambient concentra- 
tion levels (0.38 -- 0.03 ppm halothane and 
31.3 + 1.49 ppm N;,0) were measured when 
Y-type disposable anesthesia circuits were 
used. 


leak into the room from other sources in the 
anesthesia circuit. 


We have noticed that rather significant 
leaks commonly occur in disposable anes- 
thetic circuitry. If high total fresh gas flows 
are used, these leaks may be difficult to 
detect, and since they may bleed anesthetic 
vapors into the atmosphere, may at least in 
part nullify the effect of otherwise effective 
gas-scavenging systems. This study meas- 
ured leaks in several disposable and one 
reusable anesthetic circuits and measured 
the ambient polluting concentration of anes- 
thetic vapors resulting from these leaks. 


METHOD 


Disposable anesthesia circuits with a 
swivel connector (group I) or Y-piece 
(group II) at the patient adapter end were 
studied for leak and gas spillage. Group I 
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Fic 1. System devised for measuring leaks at the 
patient-adapter end of circuits in common use. B,, 
B,: breathing bags; C,: absorber canister; Ca: con- 
nection to vacuum to fill cylinder; DV: Drager 
volumeter; EDV: expiratory dome valve; FGI: 
fresh gas inflow; GC: graduated cylinder; IDV: 
inspiratory dome valve; M: anaeroid manometer; 
PC: patient connector; TT: breathing tube. 


included the Foregger, Ohio, and Warne dis- 
posable circuits. Group II comprised the 
3M and Bard-Parker disposable circuits and 
the Foregger reusable circuit. 


Leak rate was measured using 10 circuits 
of each type connected to a Drager absorber 
canister. A Drager volumeter was placed 
in the circuit inspiratory limb. A 90-cm 
corrugated breathing tube was used to con- 
nect the patient adapter end of the circuit 
to a 3-L anesthetic rebreathing bag (fig 1). 
An anaeroid manometer was connected to 
the bag end of the breathing tube with a 
T-piece. The distal segment of the anesthe- 
sia circuit and a portion of the attached 
breathing tube were placed under water be- 
low the open end of a water-filled 5-L, 6.75 
x 41 cm graduated cylinder closed at its 
upper end (lid). 


Circuits were ventilated with an Air 
Shields ventimeter ventilator. System pres- 
sure ranged between 25 and 30 cm H,O with 
a tidal volume (V4) of 700 ml at a rate of 
12/min and with a fresh gas inflow of 5 
L/min. Leaked gas from the patient adapter 
end displaced H,O in the cylinder. Ventila- 
tion was continued for 5-minute periods and 
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the volume of the displaced gas measured 
as total leak over this time. 


Atmospheric pollution produced by these 
circuits was then measured by connecting 
all systems previously studied for leaks to 
a Drager Narcomed? anesthesia machine 
placed in an unused OR. A 3-L anesthesia 
bag was attached at the patient adapter end 
of the circuit and ventilated with an Air 
Shields ventimeter ventilator (V. = 700 ml, 
f= 12, inspiratory pressure 25 to 30 cm 
H.O). N.O (60%) and halothane (1%) 
in O, were delivered to this circuit at 5 
L/min. Gas overflow from the Air Shields 
ventilator was delivered to an exhaust grill 
fixture using 22-mm (ID) tubing and vented 
to the outside. Air exchange in the OR was 
set at 15 changes/hr. 


All systems were preliminarily checked 
both for high-pressure and low-pressure 
leaks. One hour after the start of gas flow, 
atmospheric gas samples were collected in 
metal gastight sampling kits from the anes- 
thesiologist’s breathing zone (within a 2-foot 
radius of the patient adapter end of the 
circuit) and directly over the swivel con- 
nector of 3 randomly selected Ohio circuits. 
Vapor concentration was measured by a 
Hewlett-Packard gas chromatograph model 
5830A, using a thermal conductivity technic 
for N.O and flame ionization for halothane. 


RESULTS 


Volume of gas leaked at the patient adap- 
ter end of circuits in group I (table 1) was 
highest with the Ohio (550.2 + 6.03 ml/5 
min) and lowest with the Warne circuit 
(68.3 + 1.53 ml/5 min). 


Measurement of atmospheric concentra- 
tions of halothane and N,O (table 2) 
showed 3.29 + 0.1 ppm halothane in the an- 
esthesiologist's breathing zone with the dis- 
posable Ohio circuit. The largest concen- 
tration of N,O was found with the Ohio dis- 
posable circuit (333.5 + 2.31 ppm) and the 
lowest with the Warne disposable circuit 
(77.6 + 2.76 ppm). Sampling directly over 


TABLE 1! 
Leak Developed in Swivel-Type Disposable Anesthesia Circuits 
in 5 Minutes 
Circuits N Vy (mi) System p, cm H»O Leak (ml), mean + SE 
Ohio 10 700 25.30 550.20 + 6.08 
Foregger 10 700 25-30 245.20 + 3.78 
Warne 10 700 20-30 68.30 + 1.58 
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TABLE 2 
Operating Room Contamination Resulting from Swivel-Type 
Disposable Anesthesia Circuits After 1 Hour (FGI 5 L/min, 
N20 60%, Halothane 1% in O4) 





Natta — Doce enn nae a dia d amen OTD 


Circuit N F, min Vr, mi System p, cm HzO Halothane, mean Œ SE N20, mean : SE 
Ohio 10 12 700 25-30 3.29 + 0.10 333.50 + 2.31 
Foregger 10 12 700 25-30 2.51 + 0.08 257.10 + 3.55 
Warne 10 12 700 25-30 1.26 + 0.06 77.60 + 2.76 

TABLE 3 


Operating Room Pollution Resulting from Y-Type Anesthesia Circuits 
After 1 Hour (FGI 5 L/min, N20 60%, Halothane 1% in O4) 





Contamination, ppm 


ATA meermin eraann WEB rei ramo 


Circuit N F, min Vr, mi System p, cm HsO Halothane, mean ch SE N20, mean + SE 
Bard-Parker 10 12 700 25-30 0.38 + 0.03 31.3 + 1.49 
38M 10 12 700 25-30 0.77 + 0.06 63.1 + 2.48 
Reusable 10 12 700 25-30 0.78 + 0.06 14.7 + 2.80 


MTM TT i eH te E a Em E taU 


the swivel connectors of some of the Ohio 
circuits revealed levels as high as 21.8 ppm 
for halothane and 1452 ppm for N.O. 


From the anesthesiologist's breathing zone 
in group II (table 3), halothane concentra- 
tions ranged from 0.78 + 0.06 ppm with the 
Foregger reusable circuits to 0.38 + 0.03 
ppm with the Bard-Parker disposable cir- 
cuits. N O concentrations ranged from 74.7 
+ 2.8 ppm with the Foregger disposable cir- 
cuits to 31.3 + 149 ppm with the Bard- 
Parker circuits. 


DISCUSSION 


The possibility of harm from chronic ex- 
posure to trace amounts of anesthetics was 
first reported by Vaisman in 1967, who 
noted in Russian anesthetists that 18 of 31 
pregnancies ended in abortion.! Since then, 
articles have appeared describing the conse- 
quences of chronic exposure to low concen- 
trations of anesthetics in animals, where 
fetal lethality and tetratogenicity have been 
described.}2 


Anesthetic toxicity has been related to the 
quantity of metabolic degradation products 
as well as time of exposure. Genetic and 
environmental factors may play an impor- 
tant role in the degree and type of biotrans- 
formation which may result.13 Enzyme in- 
duction following prolonged exposure to cer- 
tain agents may increase the possibility of 
toxicity for OR personnel.!: 


The importance of anesthetic gas scaveng- 
ing was not appreciated until late 1969.15 
In the unscavenged OR, 10 ppm halothane 
and 600 ppm N.O have been described.!9 
Gas-evacuation systems properly used are 
capable of reducing waste gas concentra- 
tions by approximately 90 percent (halo- 
thane to 1 ppm and N.O to 60 ppm). To 
accomplish this, all excess gas must be 
trapped at the overflow site of the breathing 
circuit and promptly dispersed into the out- 
side atmosphere. An OR exchange rate of at 
least 10/hr helps decrease residual waste- 
gas concentration resulting from high- and 
low-pressure anesthetic apparatus leaks. 
Low-flow technics may further reduce waste 
levels to as low as 0.05 ppm for halothane 
and 1 ppm for N,0.18 


Our measurements demonstrate that am- 
bient halothane and N,O remain well above 
target levels (30 ppm for N,O and 0.5 ppm 
for halothane) in the anesthesiologist's 
breathing zone when swivel-type disposable 
anesthesia circuits are used, despite the use 
of standard scavenging devices and appro- 
priate OR fresh air exchange rates. Figure 
2 illustrates the stability said to be provided 
to the Warne swivel connector by its guard, 
and this probably explains the small leak 
measured from this circuit. Lower ambient 
concentration levels were measured with 
Y-type disposable anesthesia circuit. The 
low concentrations measured from the Bard- 
Packer disposable circuit might be explained 
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Fic 2. Swivel connector guard on Warne dis- 
posable circuit. 








Fic 3. Construction of Bard-Parker Y-type circuit. 


by the lip of the Y connector, which locks 
into the groove of the corrugated breathing 
tube; other Y-type circuits rely on friction 
connectors (fig 3). 


Leaks from disposable anesthetic circuits 
which can occur at a high rate spill anes- 
thetic waste gas into the OR, bypassing 
scavenging systems designed to clear the 
air. If these are not recognized, the environ- 
ment will contain gas concentrations greater 
than those presently recommended by the 
National Institute of Occupational Safety 
and Health. 
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Corneal Abrasions During General Anesthesia 


YATINDRA K. BATRA, MBBS* 
INDER M. BALI, MS (Surg), MS (Anaesth), PhD, FFARCS+ 


Chandigarh, Indiat 


The eyes of 200 healthy adult patients under- 
going general anesthesia were stained with 
fluorescein strips for detection of corneal abra- 
sion in the immediate postoperative period. 
Twenty-six of 59 patients in whom the eyes 
remained partly open showed positive staining 
—aàn incidence of 44 percent. The remaining 


C ORNEAL abrasion has been mentioned as 

the most frequent ophthalmic compli- 
cation following general anesthesia.!.? Some 
of these may be the result of direct trauma, 
like rubbing of the cornea by surgical drapes 
or a part of the anesthetic mask.’ Most, 
however, are probably due to the drying 
effect of the exposed cornea.* Scanning the 
literature, it is strange to find little informa- 
tion regarding the incidence of this compli- 
cation, and it is for this reason that the 
present study was undertaken. 


METHODS 


This investigation was done with 200 
adult patients scheduled for elective sur- 
gery under general anesthesia. None had 
any previous corneal pathology. 


Patients were divided into 2 equal groups 
(table 1). Of the 100 patients in whom the 
eyes were left uncovered, the eyes remained 
partly open in 59, while in the remaining 41, 
there was natural approximation of the eye- 
lids. Of the 100 patients whose eyes were 
deliberately closed, simple adhesive tape 
was used in 75 and the eyes were protected 


*Senior Registrar. 
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141 patients in whom the eyes were naturally 
closed or protected with adhesive tape or vase- 
line gauze did not develop exposure keratitis. 
It is suggested that covering of eyes is neces- 
sary in all cases undergoing general anesthesia 
so as to avoid this frequent complication of 
anesthesia. 


with vaseline gauze in 25. No eye ointment 
or other medication was used. 


Anesthesia was induced with thiopental 
(5 mg/kg), and ventilation was controlled 
with the help of an endotracheal tube passed 
after succinylcholine (1 mg/kg) administra- 
tion. No volatile anesthetic agent was used. 
For analgesia, small supplements of mor- 
phine or diazepam were added. 


The temperature and humidity of the op- 
erating theatre was kept constant at 24° C 
and 55 percent, respectively, and at no time 
was a direct draught of air permitted to 
strike the eyes. 


The eyes were examined for corneal abra- 
sion under good direct light at the end of 
the anesthetic period in the recovery room. 
Sterile strips impregnated with fluorescein 
were used for staining. The tip of the strip 
was touched to the inner surface of the lower 
lid for half a minute and, as the patient 
closed the eyes, dye spread well into the 
tear film. The denuded area of corneal epi- 
thelium was stained brilliant green, whereas 
the normal surface was left unaltered. This 
was considered positive staining. 
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TABLE 1 
Patients Studied: Clinical Data 
Number Sex Duration of 
Group of cases M F Age, yr anesthesia, min 
|. Mean = SD 
I: Eyes uncovered 
Partly open 59 25 34 84 + 13 128 + 52 
Naturally elosed 41 20 21 33 + 14 97 + 44 
Total 100 45 55 
II: Eyes covered 
Adhesive tape 75 42 33 86 + 15 162 + 87 
Vaseline gauze 25 12 13 34 + 13 155 + 64 
Total 100 54 46 
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TABLE 2 


Results of Fluorescein Staining 
aer 


Number 


Stain 





Group of cases Positive Negative Unilateral Bilateral 
I: Eyes uncovered 
Partly open 59 26 (44%) 33 10 16 
Naturally closed 41 Nil 41 — — 
II: Eyes covered 

Adhesive tape 75 Nil 75 — — 

Vaseline gauze 25 Nil 25 — — 
Total 200 26 174 10 16 

RESULTS 


In 59 cases, where the eyes were partly 
open, 26 patients showed positive staining 
due to corneal exposure, an incidence of 44 
percent. In 16 patients of this group, both 
eyes were involved (table 2). 


None of the patients where the eyes were 
naturally closed or covered with adhesive 
tape or vaseline gauze showed positive stain- 
ing. It was observed that the maximum 
incidence of corneal abrasion (2595) was 
seen when the duration of anesthesia was 
between 90 to 150 minutes (fig 1). 


Three patients complained of foreign- 
body sensation and watering of eyes; all 
these were treated with eye patch and local 
antibiotic ointment. Within 24 hours, the 
abrasions, irrespective of their nature, had 
completely healed. 


In all positive cases, the staining was 
present in the inferior third of cornea (cres- 
cent shaped) as this was the only area that 
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Fic 1. Percentage distribution of cases showing 
positive fluorescein staining in relation to duration 
of anesthesia. ( ) — number of cases. 


was left exposed. The characteristics of 
these abrasions varied; in some they occu- 
pied only a part of the cornea while in 
others, the entire lower third of the cornea 
was involved (fig 2). 
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Fie 2. Typical crescent-shaped corneal surface, 
showing patterns of corneal abrasion seen after eye 
exposure during general anesthesia: A—complete 
abrasion; B—- scattered abrasion. 


DISCUSSION 


This study shows that eyelid closure, 
whether naturally or by adhesive tape and 
vaseline gauze, prevents the cornea from 
being exposed to room air. Even when the 
eyelids were only partly open, a trauma 
incidence of 44 percent was found. 


Other causes responsible for ocular injury 
during anesthesia, documented by various 
 Workers,?3.59 include trauma to the eyes 
by the hands or fingernails of anesthesiolo- 
gists during laryngoscopy or intubation, 
pressure by instrument or surgeons’ hands 
on an open eye, irritant effects of anesthetic 
agents like ether or ophthalmic hypersensi- 
tivity to halothane, sitting or prone position 
of the patient in certain neurosurgical or 
orthopedic operations, spillage of sterilizing 
solutions during skin preparation for head 
or neck operations, failure to instill saline 
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or other appropriate solution during oph- 
thalmic procedures, and/or failure to guard 
anatomically prominent eyes in proptosis or 
exophthalmos. All the above conditions may 
strip the corneal epithelium from Bowman's 
membrane and produce foreign-body sensa- 
tion, tearing, photophobia, and ocular pain. 
Secondary infection, while rare, may also 
lead to corneal ulcers. 


CONCLUSIONS 


It is suggested that approximation of the 
eyelids, either with adhesive tape or vase- 
line gauze, is mandatory in general anes- 
thesia to avoid the risk of iatrogenic corneal 
abrasions. 
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Hepatitis and Operating-Room Personnel: 
An Approach to Diagnosis and Management 
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Hepatitis represents a common problem in 
operating room (OR) personnel. The differ- 
ential diagnosis is usually narrowed to viral 
hepatitis versus halothane-associated hepatitis. 
While specific immunologic technics are avail- 
able to diagnose viral hepatitis, halothane 
hepatitis cannot presently be unequivocally 


CCORDING to Lewis,! hepatitis occurs in 

health-care workers approximately 
twice as frequently as in the general popula- 
tion. In 1975, the Ad Hoc Committee on 
Operating Room Hazards of the American 
Society of Anesthesiologists? reported an 
even higher incidence of hepatitis in oper- 
ating-room (OR) personnel than in other 
classes of health-care workers. Mathieu's 
group, in a smaller survey, found that 20 
percent of anesthetists have a history of 
hepatitis, 3 times the incidence in other 
health-care workers. 


The cause of the increased incidence in 
OR personnel is not clear. Possible explana- 
tions include frequent handling of blood 
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diagnosed with available clinical, biochemical, 
immunologic, or pathologic technics. 
Suggestions for management of OR personnel 
with hepatitis can only be based on insufficient 
evidence at present. The authors have initiated 
a prospective study to help clarify this situa- 
tion. 


products,‘ contact with oral secretions and 
serum of patients with viral hepatitis, and 
exposure to possibly hepatotoxic chemicals? 
(anesthetics and solvents). It is essential 
to demonstrate the etiology in each individ- 
ual patient to prevent unfortunate medical, 
legal, and professional consequences. 


The common causes of hepatitis in the 
United States are listed in table 1, with 
their distinguishing features. The admission 
history, physical examination, and labora- 
tory data will usually identify all causes of 
hepatitis except viral infection and toxic 
and/or drug-related hepatitis. Since the ac- 
curate diagnosis of these two types is crucial 
to the later management of the patient and 
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TABLE 1 


Hepatitis: Causes and Diagnostic Features 


Causes 


Gram-negative septicemia 


Typhoid fever 


Leptospirosis 


Viruses 


Cytomegalovirus 

. Herpes hominis 
Epstein-Barr (infectious 
mononucleosis) 


Yellow fever 


Hepatitis A and B 


Parasites 


Amebiasis, malaria, 
schistosomiasis liver flukes, 
tapeworm 


Toxie substances 


Chemicals 
Carbon tetrachloride 
DDT 

Toluene 

Phalloidin, Phalloin 

Phosphorus 

. Arsenic 

_ Chlorinated naphthalenes 
Ethanol 


Ionizing radiation 


Drugs 


Isoniazid 

Tetracyclines 
Antihistamines 
Dextroamphetamines 
Phenylbutazone 
Chloramphenicol 
Anticonvulsants 
Chrysotherapeutic drugs 
Indomethacin 

Atabrine 

Nitrofurantoin 

Sulfas, thiazide diuretics, 
oral hypoglycemic drugs 


Diagnostic features 


cn nena an 


Bacteria 
Severe intraperitoneal infection 


Acutely ill, history and signs of intraabdominal infection, 
diagnosis by culture of organism 


Acutely ill, signs of severe infection, shock, diagnosis by 
culture of organism 

Acutely ill, severe gastrointestinal symptoms, rash, diag- 
nosis by culture and increased titers of agglutinins to 
S typhosa 


History of animal contact, severe systemic illness, serologic 
and bacteriologic identification 


Usually in newborn or immunosuppressed patients, im- 
munologic identification of infection 


Neonate or immunosuppressed patient, skin manifestations, 
immunologic identification of infection 


Protean manifestations, immunologic identification of agent 
for diagnosis 

Tropical distribution, arthropod borne, immunologic identi- 
fication of agent for diagnosis 

See table 2 


History of travel to endemic areas, diagnosis by identifica- 
tion of ova and/or parasites in body fluids 


Variable course, diagnosis by history of contact 
Cleaning fluids, fire extinguishers 

Insecticides 

Spray paint, "airplane glue" 

Amanita phalloides fungi 

Insecticides, rat poisons 

Food contamination 

Electrical insulation (soldering) 

Ubiquitous 


History of massive exposure, other stigmata of radiation 
poisoning 


Variable course, history of contact; lab confirmation im- 
possible at present; liver biopsy may be help?ul 
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Griseofulvin 
Methimazole 
Propylthiouracil 
Corticosteroids 
Oral contraceptives 
Phenothiazines 
Alpha-methyldopa 
Anesthetics 
Halothane 
Cyclopropane 
Diethyl ether 
Methoxyflurane 
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Chloroform 


may be somewhat difficult, a detailed dis- 
cussion of the available diagnostic technics 
follows. 


Diagnosis of Viral Hepatitis.—Viral agents 
such as cytomegalovirus,^? Epstein-Barr 
virus (infectious mononucleosis) ,7-° and 
herpes hominis,? may rarely cause hepatitis. 
Sensitive and specific serologic tests?.5? for 
these agents are commonly available in the 
clinical laboratory, and should be employed 
in all cases of undiagnosed hepatitis. 


The viruses of hepatitis A (HA, or in- 
fectious hepatitis) and hepatitis B (HB, or 
serum hepatitis) are responsible for the vast 
majority of cases of acute hepatitis in the 
United States. Distinguishing features of 
the two diseases are listed in table 2. How- 
ever, the primary diagnostic differentiation 
must be accomplished by immunologic 
means. Hepatitis B infection, the most com- 
mon among health-care workers,'® is asso- 
ciated with the presence in the patient's 
serum of hepatitis B surface antigen 


(HB&,Ag), formerly known as hepatitis- 
associated antigen (HAA) or Australia an- 
tigen. This antigen may be detected by sev- 
eral commercially available tests. Counter- 
immunoelectrophoresis (CIEP), employed 
in some clinical laboratories, is readily per- 
formed and inexpensive, but only 1/4 of 
infected patients will be detected by this 
method. ! 


Radioimmunoassay (RIA) technics are 
about 1000 times more sensitive,!? will de- 
tect virtually all patients with hepatitis B 
infections, and are now required by law in 
blood banks and commercial laboratories. 
The technic employed for testing hepatitis 
B surface antigen is important because the 
use of an insensitive technic may give a 
false-negative result and lead to an incorrect 
diagnosis of drug hypersensitivity. Patients 
with hepatitis B infection also form anti- 
bodies against the hepatitis B surface anti- 
gen, and titers frequently develop late in 
the course of infection and persist for months 


TABLE 2 
Distinctions Between Hepatitis A and Hepatitis B 


Hepatitis À 





Nomenclature 
Ineubation period 15.50 days 


Route of infection 
Parenteral 


Age preference 
Severity 


Immunologic identification 


Complement fixation" 
Immune adherence" 


ri A ER Tr a a a ME arre ritas aa eire tmm erint a 


Infectious, HAV 


Fecal—oral (usual) 


Children and young adults 
Mild, self-limited 


Viruslike particle" 


Hepatitis B 


Serum, HBV 
50-180 days 
Parenteral (usual) 
Fecal-—oral 

Al age groups 

Severe, may be protracted 


HB.Ag (Australia antigen), 
anti-HB.Ag 


Core antigen," anti-HB.Ag 
DNA polymerase” 
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or years.!? Since approximately 5 percent 
of cases of overt hepatitis B infection never 
develcp significant hepatitis B surface anti- 
gen titers,* the patient with antigen nega- 
tive hepatitis should also be tested for the 
development of these antibodies, which will 
identify the etiologic agent. 


Other valuable (but complicated) meth- 
ods of diagnosing hepatitis B are the DNA 
polymerase test!5.!9 and testing for antibody 
to hepatitis B core antigens (HB.Ag, 
HB,Ag).!5!9.17 DNA polymerase has been 
shown to persist for days to weeks in acute 
cases (and longer in chronie cases) and 
indicates active hepatitis B virus infection. 
Antibodies to hepatitis B core antigen per- 
sist in both acute and chronic cases. 


The diagnosis of hepatitis A is primarily 
made by a history of contact with the dis- 
ease, either via another case, contaminated 
food, or parenteral contact with infected 
blood, with an incubation period of 15 to 
50 davs. No test for HA infection is com- 
mercially available at present, although sev- 
eral technics, such as immune electron mi- 
croscopy,'® complement fixation,!? and im- 
mune adherence,?? are used as research 
tools. Until large amounts of purified virus 
are available, however, the diagnosis of hep- 
atitis A cannot be made with certainty. 


Diagnosis of Drug Induced Hepatitis.— 
The possible mechanisms of halothane-in- 
duced hepatic dysfunction have been re- 
cently reviewed?! and may be classified as 
either an autoimmune drug reaction or met- 
abolic toxicity. Most of the diagnostic stud- 
ies have been predicated upon the hypothe- 
sis that halothane causes liver damage by 
an immune mechanism. Early reports seem 
to indicate that certain pathologic changes 
observed by both light and electron micro- 
scopy were typical?? of halothane hepatitis, 
but this has been refuted by others.? Al- 
though Paronetto and Popper?* described 
an in-vitro test to identify halothane hyper- 
sensitivity reactions by means of lympho- 
cyte transformation, many other investiga- 
tors have failed to reproduce these results 
using similar methods and patients.?^? 
These in vitro tests employed halothane 
sonicated with serum albumin and two ma- 
jor assumptions were made: first, the basis 
of halothane-induced hepatitis is mediated 
by delayed hypersensitivity and second, that 
halothane is an antigen or hapten. The low 
molecular weight (197.4) and the inertness 
of the halothane molecule make it doubtful 
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that it could covalently bind or complex 
with albumin to form a hapten-carrier com- 
plex. A more rational approach to in vitro 
diagnosis has been the development of a 
theoretically more suitable antigen. The 
final product of halothane biotransforma- 
tion, trifluoroacetic acid (TFA), conjugated 
to autologous serum protein, is one such 
antigen that could conceivably be formed 
in vivo, since TFA is chemically reactive 
and produced in the liver. However, lym- 
phocyte transformation studies with this 
antigen have also been unsuccessful in iden- 
tifying patients alleged to have an adverse 
hepatic-hypersensitivity reaction to halo- 
thane or its metabolites.* Several investi- 
gators are continuing the attempt to develop 
the appropriate antigens for in-vitro testing 
of patients, and if there is a hypersensitiv- 
ity basis for this disease, detection should 
be possible with the proper antigen in the 
future. 


A useful in-vivo test for a patient with a 
suspected hypersensitivity reaction is to 
challenge the patient with the suspected 
substance. This has seldom been done with 
halothane, but there are 2 reports of anes- 
thesiologists who have had apparently posi- 
tive provocative halothane challenges.??.?! 
This procedure is fraught with the risks of 
inducing recurrent hepatitis, and interpre- 
tation may be difficult. There are at least 
4 possible conclusions from a positive halo- 
thane challenge: 


1. The patient manifests hypersensitivity 
to halothane or its metabolites. 


2. Halothane or its metabolites are di- 
rectly hepatotoxic. 


3. Suppression of the normal immune re- 
sponse by halothane allows exacerbation or 
reactivation of a viral hepatitis infection. 


4. Stress of the test allows reactivation 
of chronic hepatitis virus infection. 


An alternative possibility is that halo- 
thane, especially when combined with hy- 
poxic conditions in the liver. may lead to 
direct metabolic toxicity, via the formation 
of reactive intermediates. There are no clin- 
ical or laboratory diagnostic methods avail- 
able at this time to detect direct. halothane 
hepatotoxicity, although Widger?* suggests 
that plasma fluoride levels may be useful. 
If this is indeed the mechanism of halothane 
liver damage, the enzymatic abnormality in 
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the rare susceptible individual may be diffi- 
cult to determine by routine laboratory 
means. 


At present, however, one should consider 
halothane-induced hepatitis a diagnosis of 
exclusion to be considered only after spe- 
cific and sensitive tests for viral infection 
have been repeatedly negative. 


Management of Acute Hepatitis.—A pa- 
tient with acute viral hepatitis should be 
isolated during the early icteric phase, with 
frequent assessment of clinical condition 
and liver function, in order to detect mas- 
sive hepatic necrosis in its early stages. If 
a clear diagnosis cannot be made, or the dis- 
ease appears to be unusually severe, liver 
biopsy may be indicated. Although the val- 
ue of bedrest in hepatitis is debatable, it 
is usually recommended. An adequate diet 
should be provided with at least 2000 calo- 
ries a day.?? Corticosteroids are not pres- 
ently felt to be indicated in acute hepatitis, 
although they have been employed in the 
past. 


All drugs should be used with great cau- 
tion, especially sedatives (to which these 
patients are extremely sensitive) and poten- 
tial hepatotoxins. 


Long-Term Management of OR Person- 
nel.—RHRecently-published guidelines regard- 
ing the management of the more common 
forms of hepatitis!9?.359?.3* form the basis for 
our recommendations. 


Mononucleosis and hepatitis A are usu- 
ally brief, self-limited diseases. There is no 
evidence of increased risk to the affected 
OR worker or to the patients he contacts 
if he resumes his previous activities after 
his liver-function tests return to normal. 


Patients with acute hepatitis B are infec- 
tive both parenterally and nonparenterally. 
A positive RIA for hepatitis B surface anti- 
gen defines the period of antigenemia, when 
transmission is well documented.!? Person- 
nel with hepatitis B probably should return 
to work only after duplicate RIA tests are 
negative and all clinical and biochemical 
evidence of liver dysfunction disappears. 
There is no convincing evidence for the 
avoidance of halogenated volatile anesthet- 
ics upon return to the OR. 


Not all patients with hepatitis B become 
hepatitis B surface antigen negative. As 
many as 20 percent of cases may become 
carriers of the antigen for longer than 6 
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months,;?.!^ and positive antigenemia has 
been reported to last as long as 20 vyears.?? 
Such carriers may represent potential risks 
to themselves and their patients. First, there 
is a possibility that a carrier could reacti- 
vate his liver disease on his return to the 
OR, although to our knowledge no such 
cases have been reported. There is also the 
largely unknown potential risks of trans- 
mission of virus from asymptomatic carriers 
of HB;Ag to their patients. Anesthetists, 
who routinely give injections and instru- 
ment the oral cavity, are at obvious risk, 
with a reported 96 percent incidence of ac- 
cidental needle prick.? There are several 
anecdotal reports of 2 oral surgeons and a 
nurse who may have transmitted hepatitis 
B to their patients.9?* However, in the 
only prospective study to date (which in- 
cluded only 1 chronic carrier of hepatitis B 


‘surface antigen) there was no evidence of 


transmission from the antigen-positive work- 
er to his patients.!? 


Since restriction from patient care could 
mean considerable interference with the 
professional career of a carrier in the OR, 
and since there is not sufficient data to 
prohibit it, a return to patient contact should 
be permitted. However, if the carrier's liver 
disease becomes reactivated or he becomes 
implicated in transmission of hepatitis to 
his patients, he should then be removed 
from patient contact. Clearly, this is an 
area for immediate prospective study to de- 
termine the hazards more completely. It 
also remains to be determined if all car- 
riers are infectious, and if they are not, how 
to identify the cases with infective poten- 
tial. Recent datat? suggests that persistence 
of DNA polymerase activity and HB,Ag 
may indicate infective potential in chronic 
B antigen carriers, and this may be useful 
in the future to identify infective individ- 
uals. 


The final situation is the extremely rare 
case of a patient with a positive halothane 
challenge test who remains hepatitis B sur- 
face antigen and antibody negative. The 
only case reports??.3! available (in which no 
antigen testing was done) suggest that the 
most prudent course of action is to remove 
the offending agent from the environment of 
the affected individual. This could entail, 
in the case of an anesthetist, either giving 
up the administration of anesthesia alto- 
gether or continuing practice without the 
use of halothane. If the anesthetist elects 
to continue practice, he should be aware 
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that fluroxene and isoflurane have the same 
metabolic end product, trifluoroacetic acid, 
and if hypersensitivity to trifluoroacetic 
acid is responsible for the hepatitis, there 
is a possibility of cross-reactivity. 
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STELLATE GANGLION BLOCK. Cardiae dysrhythmias have been noted in man 
following acute central nervous system (CNS) injury. It has been speculated these 
changes may be mediated via the cardiac sympathetics. The authors describe a 56-year- 
old woman developing ventricular tachycardia in association with a ruptured congenital 
aneurysm of the basilar artery. This dysrhythmia was resistant to all pharmacologic 
therapy. The electrocardiogram also showed a repolarization abnormality similar to 
that described with left stellate ganglion stimulation. Therefore, a left stellate ganglion 
block was performed with 15 ml of 1 percent lidocaine. An effect on the tachydysrhyth- 
mia was noted in 5 minutes and the rhythm disturbance was abolished by 15 minutes. 
This form of therapy may have clinical application in dysrhythmias associated with 
CNS disease. (Grossman MA: Cardiac dysrhythmia in acute central nervous system 
disease. Successful management with stellate ganglion block. Arch Intern Med 36:203- 
207, 1976) 
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Neuromuscular Block by Antibiotics: 


Polymyxin B 


CHINGMUH LEE, MD* 
DENNIS CHEN, MD} 
EUGENE L. NAGEL, MD: 


Torrance, California§ 


Characteristics of neuromuscular block pro- 
duced by polymyxin B (PXB) were examined 
in 12 anesthetized cats, using sciatic nerve- 
tibialis anticus muscle preparations. The ED; 


. was 6.7 (+ 1.4, SD) PXB base/kg body weight. 


The EDəs was 10.8 (+ 2.4) mg/kg. Spontane- 
ous recovery from 25 percent of control to 75 
percent of control required 72 (-- 16) minutes. 
During a 50 percent block, train-of-four 
twitches elicited at 2 Hz faded with a train-of- 
four ratio of 0.42 (+ 0.13), but the tetanus 
did not fade. Edrophonium Cl, neostigmine 
methylsulfate, and pyridostigmine Br at sub- 


Dor B (PXB) produces a non- 
depolarizing neuromuscular block and 
enhances the neuromuscular block produced 
by d-tubocurarine, pancuronium, and suc- 
cinylcholine.* Attempts at antagonism of 
the block with various cholinesterase inhibi- 
tors or calcium have resulted in inconsistent, 
and, in general, unsatisfactory results.1-9 


Although numerous attempts have been 
made to elucidate the mechanism by which 
antibiotics block neuromuscular transmis- 
sion, the characteristics of neuromuscular 
block produced by antibiotics in vivo have 
not been examined in sufficient detail. We 
have examined some aspects of PX B-induced 
neuromuscular block for characteristics 
which may possibly differentiate it from 
neuromuscular block produced by other 
neuromuscular blocking agents, including 
other antibiotics. 


*Associate Professor. 
iFellow. 


iProfessor and Chairman. 


clinical dosages weakly antagonized the block 


but enhanced the block at anti-curare dosages. 


All 3 cholinesterase inhibitors were short act- = E 


ing, lasting 10 to 15 minutes, and noncumula- 
tive on repeated injection. The potency ratio 
was approximately 20:10:1 in the order of 
edrophonium, neostigmine, and pyridostigmine 
on a weight-for-weight basis. Calcium partially 
antagonized the block. The authors conclude 
that neuromuscular blocks produced by various 
antibiotics differ from each other and from that 
produced by other groups of neuromuscular 
blocking agents, including curare. 


METHOD 


Twelve healthy cats, 2.4 to 4 kg in weight, 
were anesthetized with pentobarbital (40 
mg/kg) injected intraperitoneally (IP). 
One common carotid artery, one external 
jugular vein, and the trachea were cannu- 
lated. Arterial blood pressure was recorded 
continuously by use of a Statham P23 trans- 
ducer. All cats were artificislly ventilated 
with air, 15 ml/kg, at a frequency of 18/min, 
according to a nomogram established for 
our laboratory. Blood gases were in the 
range of Paco, 31 to 34 torr, Pao, 100 to 
114 torr, and pH 7.35 to 7.39. The sciatic 
nerve was severed and stimulated distally 
with supramaximal square pulses of 0.1-ms 
duration (Grass S88). The tibialis anticus 
muscle was detached from its insertion with 
a small piece of bone and attached to a 
transducer (Grass FT 10 C) by heavy silk. 
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The lower extremity was immobilized by 
securing the knee and the ankle to a heavy 
metal frame. The force of contraction of the 
muscle was transduced, amplified, and re- 
corded on an oscillographic recorder (Beck- 
man Type R Dynograph). The preload to 
the muscle required for maximal tension 
output on stimulation of the nerve was de- 
termined and applied. A twitch was elicited 
every 10 seconds, interrupted only for ap- 
plication of train stimuli.!9i? A 5-second 
tetanus (50 Hz) was elicited to set the 
preparation and to test its stability. If the 
resting tension was altered by this maneu- 
ver, it was restored and another tetanus was 
elicited. When the resting tension was sta- 
bilized, usually following the first adjust- 
ment, the preparation was allowed to stabi- 
lize further before experiment began, until 
twitch response became constant. Esopha- 
geal temperature and local temperature un- 
der the tibialis anticus muscle were main- 
tained at 36 + 0.5? C. 


PXB solution was prepared from powder 
(Pfizer). Increments were repeatedly in- 
jected, each incremental dose immediately 
following achievement of the peak effect of 
the preceding dose. Cumulative dose-re- 
sponse curves were constructed on log-pro- 
bit paper for ED; and ED,;.!'/? Sponta- 
neous recovery was allowed for determina- 
tion of the time course of the block. Addi- 
tional doses of PXB were given as needed 
to repeat the block, during which train-of- 
four and tetanic behavior was examined 
and the effects of anticholinesterases and 
calcium were assessed. 


RESULTS 


Onset, Potency, and Duration.—On IV 
injection of PXB, neuromuscular block had 
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a rapid onset, achieving maximal effect in 
5 to 8 minutes (fig 1, A). No fasciculation 
or transient increase in twitch strength was 
observed before the onset of block, a flaccid 
paralysis resulting. The ED;,* was 6.7 
(+ L4) mg of PXB base/kg body weight. 
The ED,, was 10.8 (+ 2.4) mg/kg. Follow- 
ing the initial block, the rate of recovery 
from 25 to 50, 75 or 90 percent of control 
was 33 (+ 18) minutes, 72 (+ 66) minutes, 
and approximately 2 to 3 hours, respective- 
ly. The block was cumulative on repeated 
injection of PXB. After the total accumu- 
lated dosage exceeded 2 x ED,,, the twitch 
failed to recover 90 percent of control in 
several hours. On IP injection of the drug 
(20 mg/kg following recovery from the ini- 
tial IV dose, 2 cats observed), the neuro- 
muscular block began in 15 minutes, became 
complete in 90 minutes, and made no re- 
covery in 3 hours. 


Twitch and Tetanic Responses.—During 
block, when a train of stimuli was applied, 
the twitches became markedly weaker from 
the ist to the 4th (train-of-four fade), and 
remained relatively constant at a new lower 
level after the 6th twitch. The fade was 
observable with any stimulus frequency 
above 0.1 Hz; the higher the frequency, the 
more pronounced the fade. When the stimu- 
lus frequency was 5 Hz or higher, the muscle 
partially tetanized, failing to return com- 
pletely to resting tension between twitches. 
At 50 Hz, a fully fused tetanus ensued. The 
train-of-four ratio (4th twitch/1st twitch 
ratio, in a train of twitches at 2 Hz) was 
0.42 (+ 0.18) at 50 percent block (fig 1, B), 
approached 0.1 at 75 percent block, and 





*One mg of PXB base is equivalent to 10,000 units. 
All dosages refer to the base. 





Fic 1. Characteristics of neuromuscular block by polymyxin B (PXB) in cat. Upper tracing recorded 
the arterial pressure. Profound hypotension was evident. Lower tracing recorded the contraction of the 
tibialis anticus muscle elicited by stimulation of the sciatic nerve. A: twitch response (0.1 Hz) to in- 
crements of PXB injected IV at arrows. B: twitch response to a train of 2 Hz stimuli. Note marked 
train-of-four fade. C: tetanic response to 50 Hz stimuli. Note lack of tetanic fade. Paper speed was changed 
at B and C (as marked). 'The second C was recorded on 1/5 force scale. 
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was zero at 85 percent block. Tetanic con- 
traction (50 Hz) during PXB block, how- 
ever, was well sustained (fig 1, C). At 50 
percent block, no fade was observed. At 75 
percent block, tetanus faded only partially, 


F losing 42 (+ 19) percent of its beginning 


tension in 2 to 5 seconds. In any case, train- 
of-four faded more than tetanus. Post-tetan- 
ic twitches were facilitated. 


Effect of Calcium.—CaCl, partially an- 
tagonized the block, 10 mg/kg restoring a 
twitch height from 25 percent of control to 
75 percent of control immediately. Complete 
antagonism of the block, however, could not 
be achieved with CaCl, even in amounts 
sufficient to cause tachycardia, hyperten- 
sion, and arrhythmia (up to 50 mg/kg in 
1 min, 3 times at 5-min intervals). PXB 


pM and CaCl, could be injected alternatively 


tio repeat the cycle of block and antagonism 
(fig 2). Eventually, however, after the 
cycle had been repeated 2 or 3 times, the 
residual block increased gradually. 


Effects of Anticholinesterases..—Anticho- 
linesterases enhanced the block. While a 
small dose of edrophonium Cl (0.005 to 0.05 
mg/kg), neostigmine methylsulfate (0.02 to 
0.04 mg/kg), or pyridostigmine Br (0.4 to 
0.6 mg/kg) antagonized the block, the an- 
tagonism was inefficacious and the maximal 
antagonism rarely exceeded 20 percent of 
control and did not last more than 3 min- 
utes. Larger doses of anticholinesterases, 


| min 
m 


(0.1 Hz) 
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beyond the above-mentioned limits, en- 
hanced block (fig 3). Anticholinesterase- 
enhancement of PXB-induced neuromuscu- 
lar block was transient, lasting only 10 to 
15 minutes, and without cumulative effect 
on repeated injection, provided the twitch 
was allowed to recover to its prior level be- 
tween injections. Edrophonium greatly ex- 
ceeded neostigmine and pyridostigmine in 
potency, with the potency ratio of approxi- 
mately 20:10:1, in that order. Thus, a 50 
percent block became an 80 percent block 
following injection of edrophonium (0.04 
mg/kg), neostigmine (0.08 mg/kg), or py- 
ridostigmine (0.8 mg/kg (fig 3). 


Cardiovascular Effects.—H vpotension and 
bradycardia invariably followed IV injec- 
tion of PXB. This was most observable on 
the initial injection and was transiently 
antagonizable with CaCl.. The drop in 
mean arterial pressure rangec from 5 to 60 
torr and lasted as long as the neuromuscular 
block, with parallel time courses (fig 1). 
Failure of neuromuscular recovery described 
above was not fully explainable by cardio- 
vascular collapse, because flaccid paralysis 
occurred even in the cats with minimal hy- 
potension. These effects are currently being 
further investigated. 


DISCUSSION 
Neuromuscular blocking agents are 
commonly classified into 2 groups, the 





ANY | 
ut | \ will \ | 


c ^ O ^ c ^ 
PXB CaClo PXB CaClo PXB Calle 
Img/kg lOmg/kg Img/kg lOmg/kg img/kg Io mg/kg 


Fic 2. Calcium (CaCl) antagonism of neuromuscular and cardiovascular effects of polymyxin B (PXB). 
Upper tracing recorded arterial pressure response. Lower tracing recorded neurally evoked twitch of the 
tibialis anticus muscle, at 0.1 Hz. Complete antagonism was not achieved. 
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Fic 3. Effects of edrophonium chloride (E), neostigmine methylsulfate (ND, and pyridostigmine bro- 
mide (P) on neuromuscular block produced by polymyxin B (PXB) in the cat. Twitch frequency was 
0.1 Hz. Administration of PXB is not shown in the upper panel All 3 anticholinesterases were short 
acting and noncumulative. Edrophonium was more potent and longer lasting than neostigmine and py- 
ridostigmine. The effect was primarily block enhancement. Strips in this figure were obtained from differ- 


ent cats. 


“depolarizing” and the “nondepolarizing,” 
according to the presence or absence of fas- 
ciculation, fade, post-tetanic facilitation, and 
antagonism with cholinesterase inhibitors. 
Clinically, antagonism of the block is of 
primary concern. While neomycin produces 
a block characterized by lack of fade (train- 
of-four or tetanus), undiminished tetanus, 
and post-tetanic exhaustion,! PXB pro- 
duces a block characterized by train-of-four 
fade, sustained tetanus, and enhancement of 
the block with cholinesterase inhibitors. 
Such classification, therefore, does not have 
practical value for neomycin!! and PXB. 


'The magnitude of train-of-four fade ob- 
served in PX B-induced neuromuscular block 
was far less than that observed in d-tubo- 
curarine-induced neuromuscular block.!? 
Train-of-four fade in the absence of tetanic 
fade may possibly differentiate neuromus- 
cular block produced by PXB from neuro- 
muscular block produced by neomycin?! 
and from neuromuscular block produced by 
d-tubocurarine.!° The clinical implication 
of these laboratory findings is still unclear. 
Any observable fade of the tetanus in PXB- 
induced neuromuscular block as observed 
by Fogdall and Miller? may suggest pro- 
found blockade or residual effect of other 
relaxants. Since clinicians often rely on pat- 
terns of evoked neuromuscular responses to 
aid in management of patients suffering 
from accidental paralysis,? such differential 
diagnosis would be valuable if clinically 
possible with use of a peripheral nerve 
stimulator. 


The mechanism of neuromuscular block 


produced by PXB has not been ascertained.* 
Neither competition with Ca", which seems 
plausible in explaining the neuromuscular 
blocking properties of neomycin-streptomy- 
cin-group of antibiotics, nor Ca binding, 
which is a possible contributory mechanism 
of neuromuscular block by the tetracyclines, 
has been thought to be the mechanism by 
which PXB induces neuromuscular block.? 
Accidental paralysis by PXB has been clin- 
ically managed primarily by trial and er- 
ror.?- 


The efficacy of Ca in restoration of PXB- 
blocked neuromuscular transmission has 
been found to be variable, incomplete in 
some laboratories, ?.5 including ours, and 
ineffective in others.! Differences in the 
animal species and experimental prepara- 
tions employed might be responsible for the 
different results. The clinical experience of 
Fogdall and Miller? is similar to our find- 
ings in that CaCl, partially antagonized 
the block, while anticholinesterases did not 
antagonize and perhaps increased the block. 


Reported effects of anticholinesterases on 
PXB-induced neuromuscular block also 
vary.'-+ In general, block is enhanced or 
prolonged by these agents? ^? although 
Sabawala and Dillon? observed slight an- 
tagonism. Our observations of weak antago- 
nism at low dosage and enhancement of 
block at high dosage seem to reconcile the 
controversy. Since the antagonism has been 
at most slight and transient, successful treat- 
ment of PXB-induced paralysis with a cho- 
linesterase inhibitor may in fact be due to 
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antagonism of the residual effect of curare 
used in the same patient. 


Anticholinesterase drugs have multiple 
actions on neuromuscular transmission at 
multiple sites.!* The anti-curare action dif- 
fers in onset, duration, and potency among 
anticholinesterases.!? 'The unusual com- 
parative potency and the unusually similar 
duration of their enhancing effects on PXB- 
induced neuromuscular block may be due 
to a common property of these anticholines- 
terases, unrelated to their cholinesterase- 
inhibiting and curare-antagonizing activities. 


The slow progress of spontaneous recov- 
ery from PXB-induced neuromuscular block 
makes it difficult to assess the time of com- 
plete recovery, thus the exact duration of 
neuromuscular block. However, one consis- 
tent finding in animal experiments as well 
as in clinical observations,! 5? is that PXB- 
produced neuromuscular block is always 
protracted and may outlast the antagonists. 
The block can be further protracted if PXB 
is administered IP or if repeated adminis- 
tration has resulted in accumulation of large 
amounts. Therefore, patience and adequate 
ventilation remain the treatment of choice. 
In cats, ventilation of 280 to 300 ml/kg/min 
will given an end-expiratory CO, concentra- 
tion in the vicinity of 4.5 percent.* 'The ven- 
tilation given our cats, 270 ml/kg/min, rep- 
resents a slight, but not gross, hypoventila- 
tion for awake cats. 


The temptation to try anticholinesterase 
drugs on patients suffering from accidental 
PXB paralysis should be resisted, although 
Millert has endorsed use of such drugs, pri- 
marily as a test. Clinically, concomitant 
use of other muscle relaxants makes the 
effect of anticholinesterases difficult to pre- 
dict. 


In summary, PXB neuromuscular block 
in the cat is characterized by train-of-four 
fade, without tetanic fade except during pro- 
found block. Edrophonium, neostigmine, 
and pyridostigmine minimally antagonize 
the block at subclinical dosages but signifi- 
cantly enhance the block at higher dosages, 
with a potency ratio of 20:10:1 on mg/kg 
w/w basis, in that order. All 3 anticholines- 
terase drugs are sbort acting, noncumula- 


*Rubinstein E, UCLA School of Medicine: Un- 
published data, 1976. 

*Miller RD: Discussion, 50th Congress, IARS, 
Phoenix, Arizona, March 15, 1976. 
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tive, and have similar duration of action on 
PXB-induced neuromuscular block. Sup- 
ported by our concomitant observations on 
neuromuscular blocking characteristics of 
neomycin, d-tubocurarine, and succinylcho- 
line, we conclude that neuromuscular block 
produced by various antibiotics differ from 
each other and from that produced by other 
groups of neuromuscular blocking agents, 
including curare. 
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Halothane Effects on Conductivity of the AV Node 
and His-Purkinje System in the Dog 


JOHN L. ATLEE, lil, MD* 
S. CRAIGHEAD ALEXANDER, MDY 


Madison, Wisconsinzt 


His-bundle electrocardiography was used to 
evaluate the effect of halothane on AV nodal 
and His-Purkinje system conduction times in 
the spontaneously beating dog heart. During 
atrial pacing at basic heart rates of 120 or 200 
beats per minute (bpm), an extrastimulus 
(cycle length longer or shorter than that of the 
basic rate) was delivered to test the effect of 
halothane on several parameters of AV nodal 
conductivity. Included were the functional re- 
fractory period, basal conduction time, and 
fatigue effect (prolongation of basal conduc- 


M syrercotan arrhythmias during halo- 
thane anesthesia are sufficiently fre- 
quent to be of concern to the anesthesiolo- 
gist. Their mechanism is not certain, but 
they are often attributed to suppression of 
primary pacemaker foci with enhancement 
of automaticity at latent pacemaker sites. 
This has been suggested as the mechanism 
for the sensitization of the heart by halo- 
thane to epinephrine.! However, increases 
in automaticity may not be the only mech- 
anism, since in-vitro reports have demon- 
strated that halothane depressed ventricular 
automaticity.?.? | 

Furthermore, studies in the intact dog 
have shown that halothane consistently de- 
pressed ventricular escape pacemaker activ- 


ity during vagal stimulation and suppressed 
ventricular automaticity following toxic 


* Assistant Professor of Anesthesiology. 


tProfessor and Chairman. 


tion time as heart rate was increased from 120 
to 200 bpm). Increasing MAC level of halo- 
thane (1.25 to 2.75 MAC) prolonged both AV 
node and His-Purkinje conduction times, yet 
had little effect on the parameters of nodal 
conduetivity tested for. These effects of halo- 
thane could be potentially dangerous im the 
clinical setting for patients with defective AV 
conduction. In addition, changes in conduction 
may be in part responsible for arrhythmias 
seen during halothane anesthesia. 


doses of ouabain.* Alterations in conduction 
alone, or simultaneous changes in comduc- 
tion and automaticity, may be responsible 
for arrhythmias.* 


However, the exact contribution of altered 
conduction to cardiac arrhythmias remains 
uncertain; Hashimoto's group? and Zink 
and associates? have suggested reentry of 
excitation as a cause for arrhythmias with 
halothane. Reentry is said to require some 
form of disturbed conduction. We have pre- 
viously shown that halothane depresses AV 
conduction in the dog.^? In the present 
study, we have further evaluated the effects 
of halothane on A-V conduction, with par- 
ticular emphasis directed toward its effect 
on AV nodal conductivity. 'The results indi- 
cate that while halothane prolongs AV node 
and His-Purkinje system conduction times, 
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it interferes little with the other aspects of 
nodal impulse transmission tested for in 
this study. 


METHODS 


Experimental Procedure.—Twenty unpre- 
medicated mongrel dogs (average weight 15 
kg) were anesthetized on a single occasion 
with concentrations of halothane required 
to produce end-expired concentrations 
(Beckman Infrared Analyzer, Model LB-2) 
of 1, 1.5, and 2 percent. These levels are 
approximately equivalent to 1.25, 2, and 
2.75 MAC, respectively. The effects of this 
agent on A-V conduction were obtained at 
each concentration in spontaneously beat- 
ing hearts. Heart rate, AV nodal, and His- 
Purkinje conduction were evaluated. In 
addition, effects of halothane, basic cycle 
length, or their interaction on the functional 
refractory period of the AV node, the atrial 
coupling interval of the extrasystole that 
determined the functional refractory period 
of the AV node, and the minimum conduc- 
tion time for the AV node were evaluated 
in 16 of the 20 dogs that could be paced at 
cycle lengths of 500 and 300 msec (120 and 
200 bpm, respectively). 


Anesthetic Procedure—Halothane and O, 
were delivered to a circle-absorber system 
from a Fluotec* vaporizer. Respiration was 


ABBREVIATIONS FOR A-V 
CONDUCTION INTERVALS 
AND OTHER TERMS 


A-H: AV nodal conduction time 

A-H min: minimum AV node conduction time 

A,-A,: coupling interval between atrial com- 
plexes of basic cycle (A,) and test cycle 
(A,) beats 

A,-A, at FRP-AVN: atrial coupling interval 
(A-A) of basic and test cycle beats which 
determined FRP-AVN 

A,-H,: A-H interval of test cycle beat 

AVN: AV node 


BCL: basic cycle length 
bpm: beats per minute 
FRP: functional refractory period 


FRP-AVN: functional refractory period of 
AV node (shortest H,-H, interval conducted 
from the atria) 


H,-H,: coupling interval between His com- 
plexes of basic cycle (H,) and test cycle 
(H) beats 

H-V: His-Purkinje conduction time 

MAC: minimum alveolar concentration 

TCL: test cycle length 
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controlled (Ohio, anesthesia ventilator) to 
maintain end-tidal Pco, (Beckman Infra- 
red Analyzer, Model LB-2) constant be- 
tween 33 and 40 torr. Arterial Po., Pco., 
and pH determinations were made prior to, 
during, and after A-V conduction measure- 
ments at each anesthetic concentration. 
End-tidal halothane concentrations were 
maintained within 10 percent of the desired 
levels for at least 10 minutes prior to and 
for the duration of A-V conduction meas- 
urements. An infrared lamp was used to 
keep animals normothermic. The duration 
of each experiment was less than 4 hours. 


Technic for Evaluating Halothane Effects 
on A-V Conduction.—A hexapolar electrode 
for recording His-bundle potentials (Elec- 
tro-Catheter Corporation, Rahway, New 
Jersey) was passed proximally from the 
femoral vein into the right heart, using the 
technic of Scherlag and colleagues.!? The 
electrodes of the His-bundle catheter were 
connected to a 3-channel electrode selector 
box (Electronics for Medicine, Model 
1/BHS-3), which was in turn connected to 
an isolated 3-channel preamplifier and am- 
plifier (Electronics for Medicine, Model 
1/TCV-22), and electrograms were dis- 
played on the oscilloscope of a recorder 
(Electronics for Medicine, Model DR-8). 


The His-bundle catheter was manipulated 
until stable His-bundle potentials were ob- 
tained. A bipolar electrode catheter ( Elec- 
tro-Catheter Corporation) was used for 
electrically pacing the atria (Grass S48 
stimulator). This catheter was advanced 
from the external jugular vein until the 
atria could be paced. The tip of the pacing 
catheter was then withdrawn until atrial 
capture was no longer evident, then ad- 
vanced slightly until capture was again 
apparent. 


A stimulus twice threshold with a pulse 
width of 3 msec was used for pacing. Thres- 
holds for atrial capture varied from 6 to 12 
volts. A surface (lead II) ECG was dis- 
played simultaneously with the His-bundle 
electrogram. Arterial blood pressure was 
directly transduced (Statham P23Db) and 
displayed along with the surface and His- 
bundle ECGs. Permanent records were made 
on photographic paper at a speed of 200 
mm/sec. 


Measurements of A-H and H-V intervals 
of A-V conduction (fig 1) and heart rate 
were made in spontaneously beating hearts 
at each anesthetic concentration. The A-H 
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Fig 1. Record from a dog at 1.25 MAC halothane: 
spontaneously beating heart. Displayed (top to 
bottom) are lead II of the surface ECG (ECG ID, 
the His-bundle electrogram (HBE), and arterial 
blood pressure (BP). The beginning of the R wave 
in ECG II and atrial (A) and His (H) complexes 
in the HBE are indicated. The A-H interval (75 
msec) is measured from the beginning of the His 
complex (H) to the beginning of ventricular activa- 
tion (V). The H-V interval (28 msec) is measured 
from the beginning of H in HBE to the beginning 
of V. 


interval (AV nodal conduction time) is 
measured from the onset of low atrial activ- 
ity in the His-bundle electrogram to the 
beginning of the His-bundle potential, and 
represents AV nodal depolarization and con- 
duction through it! The H-V interval 
(His-Purkinje conduction time) is meas- 
ured from the beginning of the His-bundle 
potential to the beginning of the R wave 
in lead II of the surface ECG, and is repre- 
sentative of the His-Purkinje depolarization 
and conduction through it.!! Heart rate and 
duration of each interval were estimated 
from 3 to 4 complexes. 


Determinations of the functional refrac- 
tory period and the minimum conduction 
time of the AV node were made at each of 
2 basic cycle lengths for the 3 anesthetic 
concentrations, utilizing an atrial extrastim- 
ulus method which, in this laboratory, con- 
sisted of driving the atria at a predeter- 
mined rate of either 120 or 200 bpm, cor- 
responding to basic cycle lengths (BCL) 
of 500 or 300 msec, respectively. 


Stimuli of varying cycle lengths (test 
cycle length = TCL) were delivered after 
the last basic cycle beat. They were deliv- 
ered with a TCL shorter (premature) or 
longer (postmature) than the BCL. TCLs 
started with 1000 msec and were reduced by 
steps of 100 msec to 600 msec. From a TCL 
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of 600 msec down to 300 msec, a stepwise 
decrease of 50 msec was used. Below a TCL 
of 300 msec, TCL was reduced by 25 msec 
until complete refractoriness was encoun- 
tered for the AV node (the test stimulus 
did not produce a His-bundle deflection) . 


Functional refractory period of the AV 
node (FRP-AVN) was determined (fig 2) 
as the shortest interval (H,-H.) between 
His potentials of the basic cycle beat (H,) 
and test cycle beat (H.) conducted from the 
atria. We also noted the interval between 
the basic and test cycle beats which deter- 
mined FRP-AVN; this was the interval be- 
tween atrial complexes of the basic cycle 
beat (A,) and test cycle beat (A.). For 
convenience, we have referred to this as 
A,-A, at FRP-AVN. 


The shortest A.-H, interval (A-H inter- 
val of the test cycle beat) that could be 
measured irrespective of TCL at a BCL of 
either 300 or 500 msec was the minimum 
conduction time for the AV node (A-H 
min). In most, but not all cases, A-H min 
was observed for the longest TCL that could 
be delivered without an intervening sinus 
escape beat, and usually this test cycle beat 
was postmature, that is, its TCL was longer 
than the BCL (300 or 500 msec). Because 
there were not enough animals at a given 


anesthetic level which could be stimulated 


with TCLs of 600 msec without intervening 
sinus escape beats, A-H min could not be 
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Fic 2. Record from same dog as in figure 1: 
atrial pacing (BCL 300 msec heart rate = 200 BPM). 
Display same as figure 1. S, and S, denote stimulus 
artifacts of the basic and test cycle beats, respec- 
tively. Likewise, A, and A,, and H, and H,, denote 
the atrial and His complexes of the basic and test 
cycle beats, respectively. Note that the H,-H, 
interval (263 msec) is 29 msec longer than the 
A,-A, interval (234 msec). This is due to delayed 
conduction in the AV node. 
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TABLE 1 


Effect of Halothane on A-V Conduction: Experimental Conditions 
(Mean Values + 1 SD in 20 Dogs) 


MAC level Temp, °C Pacos, torr 

1.25 37.2 38.2 
(3:0.3) (24.2) 

2.00 31.2 31.6 
(2-0.3) (+4.2) 

2.19 37.1 39.0 
(+0.3) (+3.3) 


determined solely as a function of 1 TCL 
(eg, 600 msec). 


Statistical Treatment of Results.—Stu- 
dent’s t-test for paired data was used to 
compare the effect of each anesthetic con- 
centration on the A-H and H-V intervals 
and heart rate in spontaneously beating 
hearts. The effects of increasing halothane 
concentration, BCL (300 or 500 msec), or 
their interaction, were compared by analysis 
of variance (f-test) on the values for each 
of the 3 parameters of AV node conductiv- 
ity: (1) FRP-AVN; (2) A,-A, at FRP- 
AVN; and (3) A-H min. Means for these 
3 categories were also compared by a paired 
t-test. 


RESULTS 


Experimental conditions maintained are 
shown in table 1, which indicates that body 
temperature, acid-base values, and anesthet- 
ic concentration were maintained constant 
at the desired levels. Although only 16/20 
animals could be paced at BCLs of both 300 
and 500 msec, data from all 20 are included 
in this table. 


The A-H (AV node conduction time) 
and H-V (His-Purkinje conduction time) 
subintervals of A-V conduction in spontane- 
ously beating hearts, together with the heart 
rates, are compared in table 2. Note that 
both the A-H and H-V intervals at MAC 
2.75 were significantly prolonged (p<0.01) 
when compared to the 1.25-MAC level. Only 
the H-V interval was prolonged at MAC 2 
(p<0.05), while the A-H interval was es- 
sentially unchanged. Spontaneous heart 
rates were not different at any MAC level. 


The delay in conduction across the AV 
node is best illustrated by plotting the rela- 
tionship between the H,-H, (interval be- 
tween His complexes of basic and test cycle 
beats) and A,-A, (time between atrial com- 





pHa, units Paos, torr Hallap %o 
7.40 oll 1.02 
(3:0.02) (+105) (2:0.02) 
7.40 501 1.50 
(+0.03) (+94) (+0.03) 
7.38 499 2.01 
(+0.02) (+106) (+0.07) 

TABLE 2 


Effect of Halothane on A-V Conduction: 
Spontaneously Beating Hearts 
(Mean Values + 1 SD in 20 Dogs) 





A-H interval, H-V inferval, Heart rate, 
MAC level msec msec bpm 
1.25 80.7 33.0 113 
(+18.1) (+2.7) (+23) 
2.00 80.9 34.5* 115 
(3:12.2) (+3.1) (+9) 
2,15 86.97 36.67 113 
(+12.0) — (+4.0) (+14) 
*p<0.05 (compared to 1.25 MAC). 
*p« 0.01. 


plexes of basic and test cycle beats) inter- 
vals, as we have done in figure 3. Data from 
the 16 animals paced at BCLs of both 300 
and 500 msec at MAC 1.25 are displayed. 
The solid diagonal line is the line of iden- 
tity between the H,-H, and A,-A, intervals 
and describes the relationship that would 
exist between them if the atrial extrasystoles 
(test cycle beats) were conducted with the 
same conduction time as the basic cycle 
beat. 


Note that the H,-H, interval deviates 
from the line of identity at an A,-A, inter- 
val of approximately 300 msec. This devia- 
tion is equal to the delay in conduction of 
the test cycle beat through the AV node 
compared to that of the basic cycle beat. 
Furthermore, this relationship is shifted 
downward by decreasing BCL from 500 to 
300 msec (increasing heart rate from 120 to 
200 bpm). Note that functional refractory 
period is the minimum H,-H, interval gen- 
erated and is shortened when BCL is low- 
ered from 500 to 300 msec. 


Figure 4 shows the AV nodal conduction 
time of the test beat (A.-H.) as a function 
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Fig 3. Effect of BCL on relationship between 
H.-H, and A,-A, intervals. Data (16 dogs) for 
1.25 MAC halothane. The line of identity along 
which there is no delay in conduction is indicated 
(H,-H, = A,-A,). The amount of conduction delay 
is equal to the difference between the observed 
H,-H, and the expected H,-H, (from line of iden- 
tity) intervals for given A,-A, interval. Note that 
data points on the 2 curves (BCL of 300 versus 
500 msec) are not the same (do not have the same 
A-A; loci). Therefore the significance of the down- 
ward shift of the curve for a BCL of 300 msec 
cannot be determined from these plots. 


of the A,-A, interval (data from 16 animals 
at MAC 1.25). The AV nodal conduction 
delay of the test cycle beat is equal to the 
difference between a given A.-H. interval 
and A-H min. A-H min for these conditions 
was 74.8 msec. Thus the conduction delay 
across the node for a test beat with an A,-A, 
interval of 250 msec and a BCL of 300 msec 
is approximately 29 msec. 


Mean values of the FRP-AVN, A,-A. at 
FRP-AVN, and A-H min for each set of 
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Fic 4. Effect of BCL on relationship between 
AsH, and A,-A, intervals. Data (16 dogs) for 1.25 
MAC halothane. The delay in conduction of the 
TC beat through the AV node can be estimated by 
the difference between the observed A.-H, and A-H 
min calculated for a BCL of 500 msec at 1.25 MAC 
halothane (74.8 msec). Data points on the 2 curves 
(BCL of 300 versus 500 msec) are not the same 
(do not have the same A,-A, loci). Therefore the 
significance of the overlap (lack of effect of BCL) 
between the 2 curves cannot be determined from 
these plots. 


experimental conditions are shown in table 
3. There was no effect of increased halo- 
thane level on FRP-AVN when BCL was 
300 msec; however, there is an effect of this 
agent on FRP-AVN for BCLs of 500 msec: 
the difference between 1.25 and 2.75, and 
2 and 2.75 MAC is significant at the 0.05 
and 0.01 levels, respectively. Furthermore, 
it can be seen that FRP-AVN is shorter for 
BCLs of 300 msec at each MAC level. This 
is significant (p<0.01) for 1.25 and 2.75 
MAC. 


TABLE 3 


Effect of Halothane on A-V Conduction: Effect of Halothane 
Level at 2 BCLs on Means of AV Node Conduction Parameters 
(MAC 1.25 = control) 





feet ett tN MÀ ae a a 


BCL, msec 1.25 2.00 2.75 
FRP-AVN, msec 300 249.1 254.2 254.4 
CIO ROE) 500 266.4* 263.1 219.6*1 
A,-A; at FRP-AVN, msec 300 202.6 214.9 220.1+ 
OS G0es) 500 217.9 211.1 225.4 
A-H min, msec 300 79.8 77.8 78.1 
LL 500 74.8 10.4* 73.2* 





*Different (p<0.05) BCL 300 value for same MAC level. 
{Different (p<0.05) from 1.25 MAC value for same BCL. 
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TABLE 4 


Effect of Halothane on A-V Conduction: 
Statistical Analysis for Effect of Halothane 
Level, BCL, or Their Interaction on AV Node 

Conduction Parameters 
(MAC 1.25 == Control) 





Variable P value 

FRP-AVN Halothane p = 0.05 
(ie oes) BCL p< 0.001 

Interaction NS 
A-A, at FRP-AVN Halothane NS 
SOOO BCL NS 

Interaction NS 
A-H min Halothane NS 
A BCL p«0.001 

Interaction NS 





For A,-A, at FRP-AVN, only the value 
for MAC 2.75 compared to that for 1.25 at 
a BCL of 300 msec exceeds the 0.05 level 
of significance (table 3). This is mitigated 
by the analysis of the effects of halothane, 
BCL, or their interaction in the 16 dogs 
which could be paced at BCLs of both 300 
and 500 msec (table 4). The 4 dogs which 
could not be paced at a BCL of 500 msec, 
and therefore were not included in table 4, 
reduce the difference between means of 
A,-A, at FRP-AVN for the 1.25 and 2.75 
MAC values of halothane at a BCL of 300 
msec. Thus the effect of level of halothane 
on A-A at FRP-AVN is not significant. 


There is no effect of increasing halothane 
level for A-H min at BCLs of 300 or 500 
msec (table 3). However, an effect of BCL 
is apparent for the 2.75 (p<0.05) and 2 
(p<0.01) MAC levels of anesthesia; it is 
only suggestive at the 1.25 MAC level 
(p« 0.05, if difference exceeds 5.2 msec). 


Table 4 shows the results of overall anal- 
yses (16 dogs paced at BCLs of both 500 
and 300 msec) for effects of halothane level, 
BCL, and their interaction on the FRP- 
AVN, A,-A, at FRP-AVN, and the mini- 
mum AV node conduction time ( A-H min). 
There is a strong indication that both halo- 
thane and BCL have an effect on FRP- 
AVN. The interaction of BCL and halo- 
thane level on FRP-AVN is not significant. 
The evidence is not strong for any effect of 
halothane, BCL, or their interaction on 
A,-A. at FRP-AVN, partly because of a 
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greater variability of this variable. Although 
halothane did not appear to have an effect 
on A-H min, shortening the BCL from 500 
to 300 msec prolonged this variable. 


DISCUSSION 
The present study demonstrates that an 


were independent of heart rate, since heart 
rate was the same at each anesthetic level. 
The FRP-AVN was prolonged by the anes- 
thetic at a heart rate of 120 bpm (BCL = 
500 msec). While at a more rapid rate (200 
bpm, BCL - 300 msec), this effect was not 
apparent, 


Finally, increased heart rate at all levels 
of halothane shortened the FRP-AVN, thus 
confirming the rate-dependency of this vari- 
able, as shown by others in dogs and 
man.!*.1% This shortening of FRP-AVN 
with increased heart rate implies an in- 
crease in conductivity. However, we pre- 
viously have shown that conduction time 
across the AV node is prolonged by an in- 
crease in heart rate during halothane anes- 
thesia.*? Therefore the exact meaning of 
changes in the FRP-AVN is not clear. 


Furthermore, the opposite effects of halo- 
thane on FRP and conduction times across 
the node raises the question as to which 
property of AV transmission determines the 
FRP of the node. In the ensuing discussion, 
we shall examine those variables which de- 
termine the AV conduction time and FRP 
of the AV node, as well as the effect of 
halothane on these parameters. Finally, dis- 
cussion will be centered on a consideration 
of reentry as a mechanism for arrhythmias 
during halothane anesthesia. 


Variables Determining A-V Conduction 
Time.—Ferrier and Dresel!= have shown 
AV conduction time to be determined by 3 
variables: basal conduction time, a fatigue 
effect, and an increase in conduction time 
as the atrial coupling interval between the 
basic and test beats (A,-A,) is shortened; 
this latter parameter is referred to as inter- 
val-related conductivity.!? 


Basal conduction time for the AV node 
is the minimum A-H interval that can be 
measured at any heart rate. It is best meas- 
ured at slow heart rates (less than 120 bpm 
in the dog), because increases in heart rate 
prolong AV-node conduction time.*.?.!2 
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Ferrier and Dresel!? determined basal 
conduction time by destroying tbe sinus 
node and measuring the A-H, interval for 
a test cycle beat with a very long atrial 
coupling interval (A-A, = 800 msec). Basic 
heart rate was varied, while the cycle length 
of the test beat (TCL = 800 msec) was kept 
constant, and the A.-H, interval was plotted 
as a function of BCL. The A,-H, interval 
measured at a BCL of 500 msec increased 
by only 2 msec over the basal conduction 
time measured at a BCL of 800 msec. Thus, 
basal conduction time was relatively con- 
stant for BCLs above 500 msec. 


In the experiments described above, AV 
nodal conduction time of the test beat 
(A-H) became progressively longer as the 
BCL was shortened below 500 msec.'? This 
prolongation of the AV nodal conduction 
time of the test beat (as basic heart rate 
was increased) above the basal conduction 
time was attributed to a fatigue effect.!* 
Neither the basal conduction time nor its 
rate-dependent prolongation (fatigue effect) 
contributed to the functional refractory 
period or to any other H,-H, interval, be- 
cause these 2 factors affected both the basic 
and test beats equally. 


A 3rd variable that influences A-V con- 
duction is interval-related conductivity. This 
is an exponential increase in conduction 
time of the test beat as the atrial coupling 
interval (A,-A.) between the basic and test 
beats is reduced. Changes in this parameter 
of conduction were shown to be responsible 
for the shortening of tbe FRP at faster heart 
rates. 


From the work cited above, it follows that 
the FRP is not the sole index of AV nodal 
conductivity; therefore, an evaluation of 
drug effects on AV conduction must include 
measurements of the 3 determinants of AV 
nodal conductivity as well. 


Since the sinus node was not obliterated 
in the present study, the BCL that could be 
delivered was limited by spontaneous heart 
rate, and the T CL was limited by the sinus 
escape beat interval (time from end of train 
of driven beats to the next sinus beat). 
Therefore, we were unable to obtain a true 
*basal conduction time." Since the A-H min 
determined for a BCL of 500 msec had in 
most cases a longer TCL, we consider A-H 
min (500 msec) to be a reasonable estimate 
of basal conduction time. 


Similar considerations apply when the 
effect of decreasing cycle length (500 to 300 
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msec) on A-H min was used as an estimate 
of fatigue. In an attempt to evaluate halo- 
thane effects on interval-related conductiv- 
ity, we examined the exponential relation- 
ship between atrial coupling interval ( A;-A.) 
and change in conduction time of the test 
beats. Grouped data were used to construct 
plots, but it was impossible to reach any 
conclusions about the effect of halothane. 
Thus, we were able to assess effects of halo- 
thane on basal conduction time and fatigue 
but not interval-related conductivity. 


Halothane Effects on Parameters of AV 
Conduction.—Data for the absence of halo- 
thane effects (awake controls) on AV con- 
duction times and conductivity parameters 
are not reported in this study. Limitations 
of the His-bundle catheter electrogram tech- 
nic require an immobilized subject, as the 
slightest movement can displace the cath- 
eter from its recording position. Humane 
considerations preclude recording of data in 
the awake but paralyzed state. We recognize 
the need for such data but must await fur- 
iher refinements of our recording technics. 


Halothane did not significantly alter our 
estimate of basal conduction time (A-H 
min) or the fatigue effect (increase in A-H 
min as BCL was reduced from 500 to 300 
msec) (table 3). Furthermore, FRP was 
shortened as heart rate was increased at all 
depths of anesthesia. Increasing MAC level 
from 1.25 to 2.75 significantly prolonged the 
FRP at a BCL of 500 msec, but this was not 
apparent at a BCL of 300 msec. 


This raises the question as to why the 
FRP at the slower heart rate should be 
affected by halothane when that determined 
at a faster rate is not. It seems most likely 
ihat deep halothane anesthesia impairs in- 
terval-related conductivity at slower heart 
rates, although it is possible that we were 
unable to detect a difference in FRP at fast- 
er rates. 


Reentry as a Mechanism for Arrthyhmias 
During Halothane Anesthesia.—Reentry of 
excitation has been invoked as a mechanism 
for arrhythmias during halothane anesthe- 
sia. Recent studies by Hashimoto's group? 
led them to revise earlier conclusions! and 
to support reentry as a mechanism. More 
recent work by Zink? has substantiated 
the role of this phenomenon in bigeminal 
rhythms during halothane anesthesia. Re- 
entry requires that the sinus impulse excit- 
ing the ventricle find a separate pathway in 
which it can travel and from which it can 
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emerge. If this impulse excites the ventricle 
at the end of its refractory period, but be- 
fore the arrival of the next sinus impulse, a 
ventricular extrasystole results. Slowed con- 
duction and unidirectional block are gen- 
erally accepted as necessary conditions for 
reentry to occur. 


Van Capelle's group!* demonstrated cells 
within the AV node which conduct in only 
1 direction. It was considered that these 
were dead-end pathways, but their function- 
al significance was not clear. The authors 
observed an interaction of these “unidirec- 
tional” cells with other cells in the node, 
and suggested this as evidence for lateral 
connections. This implies that reentry can 
occur in the AV node. 


While this study did not measure effects 
of halothane on single cells within the AV 
node, it did describe the node as an input- 
output system. With the exception of in- 
creased FRP at a heart rate of 120 bpm, 
halothane did not alter AV-node conductiv- 
ity measured by changes in fatigue or basal 
conduction time. Despite the fact that nodal 
conduction time was increased in spon- 
taneously beating hearts, we must infer that 
halothane interferes little with the other as- 
pects of AV nodal impulse transmission 
tested for in this study. Prolongation of no- 
dal conduction by increased levels of halo- 
thane, however, could be deleterious in a 
heart with impaired conduction. 
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Guest Discussion 


DEAN H. MORROW, MD 
Department of Anesthesiology 
Baylor College of Medicine 
Houston, Texas 


The atrioventricular (A-V) node is a 
distinct portion of the intracardiac conduc- 
tion system, which is located along the lower 
margin of the right interatrial septum close 
to the entry of the coronary sinus. Histologi- 
cally, the node is composed of fibers closely 
resembling those in the sinoatrial pacemaker 
area. The atrial margin of the A-V node is 
poorly differentiated because of the inter- 
mixing of nodal and atrial muscle fibers. 
The ventricular margin of the node is con- 
tinuous with the bundle of His. 


The A-V node is liberally innervated with 
efferent fibers from both the parasympathet- 
ic (vagal) and sympathetic (adrenergic) 
components of the autonomic nervous sys- 
tem. In most individuals, the predominant 
parasympathetic innervation is from the left 


Vagus. 
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Electrophysiologically, the A-V node 
serves 2 important physiologic functions: 
(1) It imposes a delay relay in the conduc- 
tion of electrical impulses between the atrial 
musculature and the ventricle; and (2) it 
has the capability for intrinsic automaticity 
or pacemaker function. 


Under usual circumstances, the repetitive 
waves of electrical activity, generated by de- 
polarization of the sinoatrial pacemaker, 
spread across the atrial muscle until reach- 
ing the atrial margin of the A-V node. At 
this point, each impulse is delayed briefly 
before advancing to excite the remainder of 
the heart. The magnitude of this impulse 
delay averages between 80 and 120 msec. 
During delay of impulse conduction at the 
A-V node, atrial systole is completed. As a 
result, the atrial ejection of blood is more 
complete, which results in increased end- 
diastolic ventricular volume and fiber length 
and improved ventricular contractility 
(Starling's law). In situations where there 
is marked acceleration of the supraventricu- 
lar pacemaker, A-V nodal impulse delay 
increases. This functional increase in A-V 
nodal delay minimizes ventricular accelera- 
tion and helps maintain cardiac output more 
adequately by virtue of a longer diastolic 
interval for ventricular filling. Although the 
influences of the A-V node on intracardiac 
impulse transmission have been recognized 
for nearly 100 years, we are only just now 
beginning to understand the precise physi- 
ologic mechanisms! 


In addition to modulating impulse con- 
duction, the A-V node has a second impor- 
tant function as an auxiliary pacemaker for 
the heart. In situations where normal sino- 
atrial or atrial pacemaker function is sup- 
pressed or abolished, the locus for depolar- 
ization of the atria and ventricles shifts to 
the A-V node. The pacemaker capability of 
A-V nodal fibers, as is the case with other 
pacemaker areas in the heart, is due to in- 


ANESTHESIA AND ANALGESIA . . 


Current Researches Vor. 56, No. 3, MAY-JUNE, 1977 


trinsic automaticity or the ability to under- 
go spontaneous, phase-4 depolarization. In 
certain circumstances, competitive pacemak- 
er interaction may also lead to the develop- 
ment of cardiac arrhythmias.! As is the case 
with impulse transmission, we are only re- 
cently beginning to understand the precise 
physiologic mechanisms underlying cardiac 
pacemaker function. 


With this brief review of the physiologic 
importance of the A-V node as a reference, 
I would like to point out 3 areas of Dr. 
Atlee’s very elegant studies which I feel are 
of importance. First, while the methodology 
for measuring A-V nodal function is com- 
plex, it offers hope that we soon may under- 
stand more completely the important physi- 
ologic events whereby the A-V node regu- 
lates intracardiac conduction events. Sec- 
ond, although the data are preliminary, Dr. 
Atlee has shown us that increasing concen- 
trations of halothane significantly prolong 
conduction time in both the A-V node and 
the more distal His-Purkinje system. Once 
again the precise methodology utilized 
opens many new areas for probing anesthet- 
ic actions on the heart. Third, Dr. Atlee’s 
data complement information from other 
laboratories about how anesthetics may 
contribute to alterations in cardiac rhythm, 
particularly in that group of patients with 
preexisting impairment of intracardiac con- 
duction. 


I look forward to future studies by Dr. 
Atlee and his colleagues. Hopefully, in the 
not-too-distant future, investigations per- 
formed with equal thought and precision 
will enable us to understand more complete- 
ly the cardiac actions of anesthetic agents 
and enable us to provide even better patient 
care, 
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Some Characteristics of an Exceptionally Potent Inhaled 
Anesthetic: Thiomethoxyflurane 


YASUMASA TANIFUJI, MD* 
EDMOND |. EGER, ll, MDT 
ROSS C. TERRELL, PhD¢ 


The authors sought to test whether a deviation 
existed for the correlation between anesthetic 
potency and the oil/gas partition coefficient at 
an extreme of lipid solubility. For thiometh- 
oxyflurane, the sulfur analog of methoxyflu- 
rane, the oil/gas partition coefficient was 7230 
+ 50 SEM, and MAC (minimum alveolar con- 
centration of thiomethoxyflurane required for 
anesthesia) in 4 dogs was 0.035 + 0.008 per- 
cent of 1 atm. This agrees with the potency 
predicted by the lipid solubility, although 


HE correlation of anesthetic potency 

with lipid solubility forms the basic sup- 
port for the lipid (hydrophobic) theories of 
anesthetic action.‘ Deviations from this 
correlation may be found with poorly sol- 
uble gases such as hydrogen, neon, and heli- 
um, which are less potent than would be 
predicted from their lipid solubility. In- 
deed, neon and helium are not anesthetic at 
all. This phenomenon has been explained as 
caused by "pressure reversal.” ST 


Deviations from the correlation of lipid 
solubility and potency also may be found 
with extremely lipid-soluble substances such 
as normal decane.? We have further exam- 
ined this possibility with an experimental 
anesthetic: CH,-S-CF,-CCLH, the sulfur 
analog of methoxyflurane, which we will call 


thiomethoxyflurane is 7!? times more potent 
than methoxyflurane, to date the most potent 
available anesthetic. Thiomethoxyflurane wa- 
ter/gas and blood/gas partition coefficients 
were 5.4 + 0.3 and 68.1 + 1.5, respectively. The 
latter coefficient accords with the prolonged 
recovery associated with this agent. Renal and 
hepatic blood chemistries measured on the 1st 
and 7th days following anesthesia showed only 
small changes from preanesthetic values. 


“thiomethoxyflurane.” As will be shown, 
this is a remarkably lipid-soluble substance 
whose potency does not show a deviation 
from the correlation of lipid solubility and 
potency. 


METHODS 


Solubility was determined with a modifi- 
cation of a method described previously.? 
We determined the volumes of a set of rub- 
ber-stoppered flasks of approximately 4000 
ml capacity. The rubber surface of the 
stopper was covered with aluminum foil to 
preclude anesthetic absorption into the rub- 
ber. Lack of appreciable absorption was 
documented by lack of a decrease in anes- 
thetic concentration over the course of an 
hour of storage. Olive oil (100 ml) was 
added to each of the flasks along with 2 ml 
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of thiomethoxyflurane. This approach differs 
from our previous approach, which was to 
add the anesthetic to the gas phase overly- 
ing the olive oil. This difference was neces- 
sitated by the extreme solubility of thio- 
methoxyflurane and hence the prolonged 
period required to achieve equilibrium be- 
tween gas and lipid phases when the thio- 
methoxyflurane was introduced initially 
into the gas phase. The reverse equilibrium, 
of course, presented no such problem. The 
stoppered flasks containing olive oil and 
thiomethoxyflurane were placed in a 37° C 
water bath for 4 hours. The concentration in 
the overlying gas phase was determined with 
a Perkin-Elmer 1100-mass spectrometer. 
The mass spectrometer was calibrated by a 
primary standard made up by adding an ali- 
quot of liquid thiomethoxyflurane to a stop- 
pered 4-L flask containing no olive oil. Ini- 
tial experiments indicated that there were 
no differences in partition coefficients ob- 
tained by analysis at 2 as opposed to 4 
hours, suggesting that equilibrium had been 
reached by 2 hours. 


Water/gas and blood/gas partition co- 
efficients also were determined. The blood/ 
gas partition coefficients were obtained as 
described above for the oil/gas partition 
coefficients. The water/gas partition coeffi- 
cients were obtained using the original ap- 
proach: We added the thiomethoxyflurane 
to the gas phase overlying the water and 
then equilibrated the water and gas phases. 
Blood volumes used were 500 ml in the 
4-L flasks. Water volumes were 1000 ml in 
the 4-L flasks. 


Anesthetic potency was defined in terms 
of MAC.* Four dogs were paralyzed with 
0.5 to 1 mg/kg body weight of succinylcho- 
line given IV, their tracheas intubated, and 
anesthesia begun and continued with thio- 
methoxyflurane and O,. This approach was 
used because of the limited availability of 
thiomethoxyflurane. Ventilation was con- 
troled throughout these studies with a 
volume-limited (Air-Shields) ventilator. 
Esophageal temperature was measured with 
a calibrated thermistor probe and held at 
37.5 + 0.1° C. 


We initially achieved an alveolar concen- 
tration of 0.1 to 0.2 percent thiomethoxy- 
flurane and progressively decreased this con- 
centration in steps. 'lhiomethoxyflurane, 





*MAC is the minimum alveolar concentration of 
anesthetic required to eliminate movement in 
response to a painful stimulus in 50 percent of 
animals.” It is an ED,, of anesthetic potency. 
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again, was analyzed with the Perkin-Elmer 
1100-mass spectrometer, calibrated as indi- 
cated above. At each step, the alveolar con- 
centration was held constant for 15 minutes, 
and at the end of this time the response to 
tail clamp was assessed. MAC was taken as 
the concentration midway between the low- 
est concentration associated with no move- 
ment and the next lowest concentration as- 
sociated with movement. 


In addition to the above studies, before 
we began the administration of thiometh- 
oxyflurane, we drew a blood sample for 
analysis of parameters of hepatic and renal 
functions. Blood samples were drawn on 
days 1 and 7 following anesthesia and the 
above analyses repeated. We also inserted 
an intra-arterial catheter for measurement 
of blood gases and arterial blood pressure. 
Measurements were made prior to each 
stimulation with the tail clamp. 


RESULTS 


We found that the lipid-gas partition co- 
efficient of 7230 for thiomethoxyflurane ex- 
ceeded that for any other agent for which 
it has been determined (table 1). As would 
be predicted from this enormous lipid solu- 
bility, thiomethoxyflurane is an extremely 
potent agent, with a MAC of 0.035 percent 
(table 1). The MAC value was corrected 
for any slight temperature deviation from 
37° C.11 


Arterial blood pressure was well sustained 
even at end-tidal partial pressures, which 
greatly exceeded MAC (fig 1). However, 
we cannot vouch for the accuracy of the 
higher anesthetic values, since the blood 
solubility of thiomethoxyflurane is so great 
that a considerable inspired-to-end-tidal dif- 
ference existed and even slight contamina- 
tion of the end-tidal sample with inspired 


TABLE 1 


Thiomethoxyflurane Partition Coefficients 
and Minimum Alveolar Concentration 
(MAC) in Dogs at 37^ C 


Partition coefficient or MAC = 1 SE 


——— € Ó OQ amn ranha ea rea E 


Water/gas 5.4 + 0.3 


Oil/gas 7230 + 50 
Blood/gas 68.1 + 1.5 
MAC* (%) 0.035 + 0.008 


*MAC is the percent of 1 atm and is corrected to a 
body temperature of 37° C." N = 4 for all tests. 
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Fic 1. Mean arterial pressure decreases as the 
alveolar thiomethoxyflurane concentration increases. 
However, at a dose 3.8 times greater than MAC, 
the decrease in pressure from that found slightly 
below MAC was only from 116 to 89 torr, or 23 
percent. The bars through the points indicate the 
range of = 1 SE for each value. N = 4 except at 
the lowest concentration where n — 3. 


gases would have resulted in a misleadingly 
high apparent end-tidal concentration.5.!? 
This potential error does not apply with the 
same force to the MAC determinations, 
since we deliberately approached the deter- 
mination of MAC from very high to lower 
concentrations—thereby reducing the in- 
spired-to-end-tidal difference. Nonetheless, 
such a difference did exist even at the low- 
est concentrations used and therefore the 
MAC values given are, if anything, errone- 
ously high. 


Serum enzyme determinations made fol. 
lowing anesthesia did not show evidence 
of renal injury (table 2). Small enzyme 
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changes indicative of hepatic injury were 
observed. 'The anesthetic exposures equaled 
183 + 33 minutes. 


DISCUSSION 


The oil/gas partition coefficient for thio- 
methoxyflurane is 7230 + 50, a figure which 
is 7.5 times greater than the 970 coefficient 
of methoxyflurane which (with trichloro- 
ethylene) was the most lipid-soluble anes- 
thetic known.!! That thiomethoxyflurane is 
much more soluble than methoxyflurane is 
not surprising. The substitution of the “S” 
for “O” link is known to produce such an 
increase in solubility for many other com- 
pounds (eg, thiopental versus pentobarbi- 
tal!3), 


The correlation of lipid solubility and po- 
tency may be stated as: MAC times the 
oil/gas partition coefficient equals a num- 
ber which varies only slightly between spe- 
cies or even classes of animals.!°.!4 For dogs, 
this number is approximately 2.2 atmos- 
pheres. If thiomethoxyflurane followed this 
correlation, its MAC would be 2.2/7230 or 
0.03 percent of 1 atmosphere. Our actual 
finding of a MAC of 0.035 percent agrees 
with the predicted value. As indicated above, 
the agreement may be even better because 
of the tendency to overestimate the end- 
tidal concentration. 


The correlation with other anesthetics 
also may be indicated diagrammatically 
(fig 2). Note that the inclusion of thiometh- 
oxyflurane extends the lipid/gas-potency 
correlation by an order of magnitude. The 
accordance of the predicted and determined 
values suggests that extremes of lipid solu- 
bility per se do not result in a deviation 


TABLE 2 


Hepatic and Renal Function in Serum of Dogs Treated with 
Thiomethoxyflurane on Days 1 and 7 Following Anesthesia 
(each value gives the mean + SEM) 


nonas aaa O AAA A OAA 
Hepatic function 
Control ay 
Test (n — 4 (n — 4} 


Alkaline phosphatase 44 + 11 178 + 41* 267 + 46* 

Bilirubin (mg %) 0.2 + 0.1 0.2 + 0.1 0.1 2- 0 

SGOT 1926 94 + 34* 222 2 

LDH 90 + 27 61 +13 122 + 32 
Renal function 

BUN (mg 9) 17:3 12 40 19 2-4 

Creatinine (mg %) 1.0 + 0.3 0.7 -- 0 0.6 + 0.1 


*Statistically significant difference from control (p<0.05). 
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Fi; 2. Relationships between MAC and oil/gas 
partition coefficient extend to thiomethoxyflurane, 
at the lower right corner of the graph. MAC may 
be correlated with lipid solubility over a 74300-fold 
difference in potency from 0.00035 atm (thiometh- 
oxyflurane) to 26 atm (carbon tetrafluoride). The 
line of perfect correlation is drawn through the 
points and corresponds to the equation: MAC X 
oil/gas partition coefficient equals 2.17 atm. The 
value for H, also is shown.’ Due to pressure re- 
versal, this value deviates from the correlation and 
was not used in estimating the 2.17-atm value. 


from the correlation of lipid solubility and 
potency except where pressure reversal plays 
a role (see the value for hydrogen [H.], 
fig 2). 


Thiomethoxyflurane is not likely to find 
any clinical use unless it be for long-term 
analgesia. Although arterial pressure was 
only slightly depressed by 3 to 4 times MAC 
of thiomethoxyflurane, recovery from anes- 
thesia was extremely slow. This would be 
predicted from its blood/gas partition co- 
efficient of 68.1 + 1.5. The lack of an in- 
crease in creatinine or BUN (table 2) indi- 
cates no gross impairment of renal function 
by over 3 hours of thiomethoxyflurane anes- 
thesia. Some slight hepatic impairment is 
suggested by the small rise in SGOT, 1 day 
following anesthesia. It should be noted 
that our results with arterial pressure and 
hepatic function are in agreement with pre- 
vious work by Salman,!* who administered 
thiomethoxyflurane as an emulsion. 
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sodium Nitroprusside-Produced Hypotension During Anesthesia 
and Operation in the Head-Up Position 


ROBERT K. STOELTING, MD* 
OSCAR VIEGAS, MDT 
ROBERT L. CAMPBELL, MDi 


Indianapolis, Indiana§ 


Measurements before, during, and after pro- 
longed hypotension (148 + 40 min, mean + 
SE) produced by sodium nitroprusside (SNP, 
2.4 -- 1.1 ug/kg/min) were obtained from 5 
anesthetized adult patients in the head-up 
position. Reduction of mean arterial pressure 
(MAP) from 81 to 54 torr (at the level of 
the circle of Willis) while maintaining similar 
concentrations of NO and halothane was as- 
sociated with an unchanged arterial oxygena- 
tion and pH, decreased systemic vascular re- 
sistance (p<0.05), increased heart rate (HR 
p<0.05) and an unchanged (2 patients) or 
increased (3 patients) cardiac output as com- 
pared with measurements during normoten- 
sion. After SNP was discontinued, the MAP 


C IRCULATORY changes during sodium ni- 
troprusside (SNP)- produced arterial 
hypotension have been determined in anes- 
thetized man.'? Both Styles’ group! and 
Wildsmith and coworkers? independently 
demonstrated increased heart rate (HR) 
and cardiae output in response to blood- 
pressure reductions during SNP infusion. 
However, in both these reports, the patients 
were supine and the duration of hypoten- 
sion was brief — usually less than 10 minutes. 
We wondered if circulatory changes would 
be the same in patients in the head-up posi- 
tion undergoing more prolonged periods of 
SNP-produced hypotension, 
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recovered within 3 to 5 minutes and the cardiac 
output and HR decreased. 

Two of these patients also received trimetha- 
phan (TMP). In 1, TMP decreased MAP, but 
this was associated with a reduction in cardiac 
output. In the same patient, SNP produced a 
similar fall in MAP, but cardiac output was 
unchanged. In the 2nd patient, TMP did not 
reduce MAP, while SNP resulted in a prompt 
decrease. 

The authors conclude that circulatory changes 
during SNP administration for prolonged con- 
trolled hypotension in the semi-sitting position 
are similar to hemodynamic changes observed 
during short-term SNP administration to 
supine patients. 


This study reports hemodynamic meas- 
urements before, during, and after prolonged 
SNP-produced hypotension in adult pa- 
tients anesthetized with N.O and halothane 
in the head-up position. In addition, 2 of 
these patients also received trimethaphan 
(TMP), providing an opportunity to com- 
pare circulatory changes produced by this 
drug with SNP. 


METHODS 
Five adult patients (33 to 53 years, 50 
to 85 kg) requiring controlled arterial hypo- 
tension for operative clipping of cerebral 
artery aneurysms were studied. All were 
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informed preoperatively about the anesthet- 
ic procedure and that circulatory monitor- 
ing and measurements would be determined 
intraoperatively. Preanesthetic medication 
was with diazepam 10 mg orally. All opera- 
tions were performed in the semi sitting 
position such that the head was elevated 30 
to 45 degrees. Elastic stockings to the mid- 
thigh level were placed just after anesthetic 
induction. 


Anesthetic induction was with thiamylal, 
followed by succinylcholine to facilitate 
tracheal intubation. Ventilation was then 
mechanically controlled and anesthesia was 
maintained with 60 percent N.O and 0.25 
to 0.75 percent delivered halothane. Skele- 
tal-muscle paralysis was provided by meto- 
curine. Blood pressure was continuously 
monitored via a radial artery catheter with 
the transducer placed at the estimated level 
of the circle of Willis. Maintenance fluid 
administration was restricted to 2 to 3 ml/ 
kg/hr of lactated Ringer's solution. 


Just before beginning SNP infusion and 
about 2 hours after the establishment of 
diuresis with mannitol and furosemide, the 
following measurements were obtained: 
mean arterial pressure (MAP), HR, dye- 
dilution cardiac output, nasopharyngeal 
temperature, arterial blood gases and pH 
(corrected for body temperature) , and arte- 
rial halothane concentration. Cardiac index 
(CI), stroke volume index (SVI), and sys- 
temic vascular resistance (SVR) were cal- 
culated. 


Controlled arterial hypotension was then 
produced with SNP while maintaining un- 
changed delivered N,O and halothane con- 
centrations. When hypotension was no long- 
er needed, but before discontinuing SNP, 
all measurements were repeated. MAP and 
HR were recorded continuously for the first 
5 minutes after stopping SNP and then all 
measurements were repeated 30 minutes 
later. 


Data were analyzed with Student's t-test, 
p« 0.05 being considered statistically signifi- 
cant. 


RESULTS 


The average duration of SNP-produced 
arterial hypotension was 148 minutes (range 
60 to 300 min) (table 1). MAP (at the 
level of the circle of Willis) was reduced 
from 81 to 54 torr with a SNP infusion rate 
of 2.4 „g/kg/min (range 0.4 to 6.8 ug/kg/ 
min). Just before discontinuing SNP, the 


TABLE 1 
Summary of Measurements in 5 Patients (Mean - SE) Before, During, and After SNP 


Nasopharyngeal 


Arterial 


aC 


temperature, 


mg/dl 


——————ÓÓ————— 


1.49 + 
0.03 


halothane, 


pH 


torr 


Pacos, 


Poog, 
torr 


—————— MÀ aaa n aana anA EE 


/min/m? 


SVR, 


^ 


torr/l 





Svi, 
ml/beat/m? 





Ct, 
l/min/m? 
2.7 + 0.4 





HR, 
bpm 


meras asd f a Ptr A s i A nina aar rrr rhe A SEPA VASTU RTI TNN e area urge yrs ra rri en hh etra Aaa a AA tt raa tA A pananyaan paapaa manm meen rernm 


MAP, 
torr 


36.2 + 
0.8 


0.36 + 
0.06 


34 :t 6 158 + 18 33 tg 


38 + 7 


71-3 


81-3 


Before SNP (anesthesia for 


158 + 32 min) 


34 x3 7.46 + 0.43 + 35.0 + 
0.04 0.05 1.0 


163 + 16 


0+2” 


a 1.1 
8 + 40 min) 


2.4 
4 


During SNP ( 
ug/kg/min for 1 


34.2 + 
0.9 


2.3 + 0.4 38 +5 39 + 6 186 + 11 32+ 3 7.48 + 0.40 + 
0.04 0.02 


56 + 3* 


812: 5 


SNP off 30 min 


*p<0.05 compared with before SNP. 
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TABLE 2 
Recovery After Discontinuing SNP 
(Mean = SE) 
SNP off (min) 
SNP u ES uraa 3 T" 5 "A E 
MAP, torr 54--2 57-4 7147 81-5 


HR, bom 85-6 83:-7 W+4 62+4 


HR was increased (p<0.05) and SVR was 
decreased (p<0.05) as compared with earli- 
er measurements at similar anesthetic con- 
centrations and normotension. At this time, 
CI was unchanged in 2 patients and in- 
creased in 3 patients. SVI did not change 
significantly. Pao. and pH were not altered 
during hypotension and Paco, was similar 
during each measurement period. 


Blood pressure returned to the level pres- 
ent before hypotension within 3 to 5 min- 
utes after stopping SNP (table 2). During 
the same time, HR decreased about 20 bpm. 


Thirty minutes after discontinuing SNP, 
the MAP had stabilized at the level present 
before controlled hypotension (table 1). 
Despite similar anesthetic concentrations, 
the HR (p«0.05) and CI were less than 
during hypotension or the initial measure- 
ments during normotension. 


TMP was administered to 2 of these 5 
patients (table 3). In patient A, TMP pro- 
duced satisfactory reductions in MAP but 
this was associated with nearly a 40 percent 
reduction in CI. Subsequent administration 
of SNP produced a similar reduction in 
MAP but the CI was not altered. In patient 


TABLE 3 


Data from 2 Patients Receiving TMP 
Followed by SNP 
TUBIMUMNUAMDIUIHANPINDUALULURUAABHRIEEVIFUABAHAMMEHÓRPAEIULLURLARIHHUTIUTPPAIEEBAALLMUARMAUHHPTIEUIRI PUMP PATE ADR APR UB LULA PULL AMPH REAAU UP EUPUE 

v 


SY, 
Ci, ml/ SVR, 
MAP HR, l/min/ beot/ torr/L/ 
torr bpm m? m"  min/m"^ 


TT erra rena a er rne i T nar e e a A aA MR OS t 











Patient A 
Before SNP 75 66 2.7 41 28 


TMP for 45min 53 78 17 232 31 


SNP for 60 min 55 78 26 33 21 
Patient B 
Before SNP 77 72 34 47 23 


TMP for 30 min 75 84 32 38 23 
SNP for 105 min 56 72 29 40 19 


393 


B, TMP did not greatly alter MAP or CL 
After 30 minutes, SNP (0.4 ug/ kg/min) 
was substituted, resulting in a prompt reduc- 
tion in blood pressure. After 105 minutes of 
SNP infusion, the CI was 2.9 L/min/m?, 
while 30 minutes after discontinuing SNP 
and return to normotension, the CI was 
2.2 L/min/m"*. 


DISCUSSION 

This study demonstrated unchanged ar- 
terial oxygenation and pH, reduced SVR, 
elevated HR, and an unchanged or even 
increased cardiac output in the head-up 
position during prolonged SNP-induced hy- 
potension. Since SVI did not change sig- 
nificantly, the increased cardiac output re- 
sulted predominately from the increased 
HR. These data are consistent with the im- 
pression that SNP is a pure peripheral vaso- 
dilator. Earlier studies have demonstrated 
similar responses during short periods of 
hypotension in supine patients.!.? 


Scott and associates? emphasized the im- 
portance of venous return during controlled 
hypotension, In the head-up position, grav- 
ity may impede venous return from areas 
below heart level, with a subsequent reduc- 
tion in cardiac output. Nevertheless, all our 
patients were in a semi-sitting position and 
cardiac output during hypotension was 
never less than the flow measured du ring 
normotension. In contrast, cardiac output has 
often been found to decrease during TMP 
hypotension.*-* Indeed, in 1 of our patients, 
TMP reduced CI and SVI, but a similar 
degree of hypotension during SNP admin- 
istration was associated with an unchanged 
cardiac output. Reduced cardiac output has 
been attributed to a direct myocardial-de- 
pressant effect from TMP, but adverse ef- 
fects of posture on venous return may also 
be important? 


An index of tissue O, delivery (available 
O») may be derived from the product of 
arterial O, concentration and cardiac out- 
put. As in Styles' report,! the Pao, was not 
altered during hypotension in our patients. 
Although we did not measure percent satu- 
ration or hemoglobin concentration, it is 
likely that available O, in the presence of 
an unchanged Pao, and increased cardiac 
output was maintained or even increased 
during hypotension. 'The unchanging pH 
suggested that tissue hypoxia did not occur 
during SNP administration. 


Distribution of cardiac output is also im- 
portant when considering the adequacy to 
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tissue O, delivery. Although we cannot 
speculate as to changes in cerebral blood 
flow (CBF) in our patients, there is evi- 
dence that SNP may maintain CBF during 
hypotension. For example, Stoyka and 
Schutz? demonstrated a maintained CBF 
during SNP hypotension compared with 
marked reductions in flow during TMP 
administration. Their data suggested that 
autoregulation of CBF was better main- 
tained during hypotension produced with 
SNP than with TMP. 


Absence of tachyphylaxis and short dura- 
tion of action are characteristic of SNP. In 
our patients, anesthetized with N.O and 
halothane, MAP decreased promptly with 
SNP administration and then recovered to 
normotensive levels within 3 to 5 minutes 
after discontinuing the drug. This recovery 
time was somewhat longer than the 90 sec- 
onds necessary for nearly complete blood 
pressure recovery in patients anesthetized 
with only N.O.! 


In contrast, resistance to the hypotensive 
effects of TMP may occur, and blood pres- 
sure recovery is not always prompt." We 
observed 1 patient who did not respond to 
TMP but who required only 0.4 «g/kg/min 
SNP to produce desired reductions in blood 
pressure. It has been suggested that the 
hypotensive response with TMP parallels 
a reduction in cardiac output.* Indeed, the 
CI did not change greatly during TMP 
administration to this resistant patient. 


The SNP infusion rate necessary to re- 
duce MAP to a similar level in all patients 
was variable despite similar anesthetic con- 
centrations. The greatest infusion rate (6.8 
pg/kg/min) was necessary for the patient 
with the highest control CI, while the lowest 
infusion rate (0.4 ug/kg/min) produced 
satisfactory hypotension in a patient who 
was resistant to TMP. Cyanide and thio- 
cyanate result from SNP biotransformation, 
limiting the maximal dose of this drug. 
Davies and colleagues? recently described 
metabolic acidosis in association with resist- 


ANESTHESIA AND ANALGESIA . . 


Current Researches Vou. 56, No. 3, May-JUNE, 1977 


ance to SNP and recommend not exceeding 
a total dose of 3 mg/kg. Even at the highest 
infusion rate required in this study, more 
than 7 hours of SNP administration would 
have been necessary before this recommend- 
ed total dose was reached. 


Important considerations during deliber- 
ate hypotension include maintenance of tis- 
sue oxygenation and blood flow. We con- 
clude that SNP produced satisfactory re- 
ductions in MAP without changes in arte- 
rial oxygenation or decreases in cardiac out- 
put. This occurred despite prolonged periods 
of hypotension and the head-up position. 
Reductions in blood flow during hypoten- 
sion produced with TMP or halothane” plus 
occasional resistance to TMP would seem 
to make SNP the better choice. 
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Response Time of the Narkotest® Anesthetic Gas Monitor 


JOSE L. VELAZQUEZ, MD* 
ALFRED FEINGOLD, MS, MD+ 
PATRICK WALTHER, BSt 


Miami, Florida§ 


Response time (RT) of the Narkotest® anes- 
thetic gas monitor was measured for 7 inhala- 
tion anesthetics, using a 5 L/min fresh gas 
flow (FGF). Time to 63 percent of maximum 
response (RT) and to 95 percent of maximum 
response (RTy) was directly related to rubber/ 
gas and oil/gas partition coefficients. RT, 
ranged from 7 seconds for NO to 843 seconds 
for methoxyflurane. RT measured at 0.5 L/min 


A eren depth is directly related to 
alveolar gas concentration ( F,).! When 
anesthesia is administered with a circle- 
absorber breathing circuit, the concentration 
of anesthetic in the expiratory limb of the 
circuit (F,) is initially greater than F, due 
to admixture with inspiratory gas, but ap- 
proaches F, as the patient uptake of anes- 
thetic and the ratio of FGF to alveolar min- 
ute ventilation decrease.? For these reasons, 
Lowe and Hagler? have recommended at- 
taching the Narkotest to the expiratory limb 
of the breathing circuit for monitoring anes- 
thetic gas concentration and depth during 
semiclosed and closed-system anesthesia. 


Many analytic technics and devices are 
available for measuring anesthetic concen- 
trations; however, the Narkotest| is the 
simplest and cheapest such device commer- 
cially available. It consists of 4 slightly 





|| Narkotest-M,® North American Drager, Telford, 
Pennsiyvania. 


*Research Trainee. 
+Associate Professor. 
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FGF was markedly prolonged over RT at 5 
L/min. 

When the Narkotest was placed on the expira- 
tory limbs of circle-absorber breathing circuits, 
the difference between the calibrated Narkotest 
reading (F,) and the mixed expired circuit con- 
centration (F.) was shown to depend on the 
rate of increase of the circuit concentration. 


stretched strips of silicon rubber connected 
by a lever to a scale pointer. When exposed 
to anesthetics, the strips relax, causing a 
linear concentration-dependent movement 
of the pointer. Although the Narkotest is 
designed to measure halothane gas concen- 
trations, calibration factors are available for 
all inhalation anesthetics.+ 


To be clinically useful, this instrument 
must have an acceptable response time 
(RT). A 50 percent RT of 8 seconds has 
been reported;*5.5 however, longer RT's 
have been suggested.” We studied Narkotest 
RT for 7 inhalation anesthetics and evalu- 
ated the significance of halothane RT when 
the Narkotest is used with 2 common circle- 
absorber breathing circuits. 


METHODS 
At time zero, clinical concentrations of 
N.O, fluroxene, diethyl ether, isoflurane, en- 
flurane, halothane, and methoxyflurane were 
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delivered to the Narkotest from calibrated 
vaporizers with a 5 L/min FGF of O, via 
a 20-cm piece of polyethylene tubing. The 
Narkotest readings were recorded at appro- 
priate intervals until the maximum response 
was obtained. The time for the Narkotest 
to reach selected fractions of the maximum 
response was calculated from these data. 


The tests were repeated at least 3 times, 
with sufficient intervals between tests to 
permit the Narkotest to return to baseline. 
RT at 0.5 L/min FGF was determined for 
halothane, enflurane, and methoxyflurane. 
'The difference between the RT for satura- 
tion and desaturation was evaluated for en- 
flurane and methoxyflurane. 


Next, the RT, for a typical adult circle- 
absorber breathing circuit (with soda-lime 
canister and rubber tubing) and a dispos- 
able circle circuit? was estimated. A 3-L 
rubber anesthesia bag simulated the lungs 
and an Air-Shields? Ventimeter-Ventilatort 
ventilated the circuit at 8 L/min. RT was 
determined with 5-L/min and 0.5-L/min 
FGFs of 1 percent halothane. Sequential gas 
samples from the expiratory limb of the 
circuit (F.) were analyzed by gas chroma- 
tography. Lastly, the Narkotest was at- 
tached to the expiratory limbs of the same 
circuits and F, and F, were measured, using 
5 L/min and 0.5 L/min FGFs. 


Using the saturation equation: F, = F, 
(1—e-kt), where F, = anesthetic concen- 
tration in FGF, k = the reciprocal of the 
time constant approximated from the meas- 
ured circuit RT,3, curves simulating the 
rise of the F, toward a step change in F, to 
1 percent halothane were drawn. Using a 
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similar equation: F, = F, (1 —e->t), where 
b is the reciprocal of the sum of the cir- 
cuit RT,4 and the Narkotest RT, the re- 
sponse of the Narkotest was simulated. 


RESULTS (table) 

For the 7 anesthetics, mean RT, at 
9-L/min FGF ranged from 3 to 77 seconds. 
The mean RT,, ranged from 7 seconds for 
100 percent N O to 843 seconds for 0.3 per- 
cent methoxyflurane. There was little dif- 
ference between the saturation and desa- 
turation RT,4 for enflurane and methoxy- 
flurane. The Narkotest readings between 0 
and 0.2 were variable, making the measure- 


ment of RT,, during desaturation unreli- 
able. 


RT, was prolonged at an FGF of 0.5 
L/min: for halothane RT,, increased from 
32 to 69 seconds; for enflurane, from 24 to 
40 seconds; and for methoxyflurane, from 
77 to 161 seconds. For the 2 anesthetic cir- 
cuits studied, the circuit RT, for halothane 
at 5 L/min FGF was 1.6 minutes. A FGF 
of 0.5 L/min prolonged circuit RT, to 27.5 
minutes for the typical adult circuit and 
14.5 minutes for the disposable circuit. 


Using halothane (Narkotest RT, = 32 
sec) with an FGF of 5 L/min (circuit RT,, 
= 1.6 min), the simulation predicted a max- 
imum difference between the F. and F, of 
11 percent, occurring at 2 minutes; this dif- 
ference approached zero at about 10 min- 
utes (figure). The measured maximum dif- 
ference occurred somewhat earlier but other- 
wise agreed with the simulated results. Us- 
ing a 0.5 L/min FGF of 1 percent halothane 
(circuit RT,, = 27.5 min), the difference 
between the F, and F, remained almost zero 
for both simulated and measured studies. 





TABLE 
Narkotest Response Times at a 5-L/min Fresh Gas Flow 
Partition coefficients Delivered 
Rubber /gas® it /gas® concentrations, Response times (sec = SD) 

Anesthetics (23° C) (37° C) vol % RT aa 2, Niss 
Nitrous oxide 1.2 1.4 100 3.0 + 0.3 7.0 + 0.3 
Fluroxene 20.0 48.0 4.0 18.0 + 0.6 62.0 + 9.0 
Diethyl ether 58.0 65.0 2.0 19.0 + 1.0 78.0 + 3.0 
Isoflurane 62.0 97.0 1.5 26.0 + 2.0 119.0 + 19.0 
Enflurane 14.0 98.0 3.0 24.0 + 0.6 100.0 + 6.0 
Halothane 120.0 220.0 1.0 32.0 + 1.0 108.0 + 11.0 
Methoxyflurane 630.0 950.0 0.3 77.0 + 1.0 843.0 + 166.0 
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Figure, Halothane concentrations in circuit (E) 
and Narkotest readings (F,) for 5 L/min and 0.5 
L/min fresh gas flows (FGF) of 1 percent halothane 
into a conventional circle-absorber breathing circuit, 
The simulated and measured differences between 
F, and F, at 5 L/min FGF are shown on the lower 
curves. 


DISCUSSION 


Narkotest RT was found to be slower 
than previously reported. However, our 
RT; of 108 seconds for 1 percent halothane 
was consistent with that of White and 
Wardley-Smith,* who reported that 90 sec- 
onds was required for the Narkotest to ob- 
tain maximum response. The RT was direct- 
ly related to rubber/gas and oil/gas parti- 
tion coefficients (table). For anesthetics 
very soluble in rubber and lipid (methoxy- 
flurane), RT was prolonged. For agents 
with low rubber and lipid solubility (NO), 
RT was short. With the exception of N,O, 
RTs was greater than 3 times RT, 3, in 
accordance with the kinetics of diffusion of 
anesthetics into the rubber strips of the 
Narkotest. 


If overpressure is used during induction 
to rapidly achieve the desired anesthetic 
concentration in the alveoli, F, will be less 
than F,, due to the Narkotest RT for the 
anesthetic used. With overpressure, the pat- 
tern of rising alveolar anesthetic concentra- 
tion should be similar regardless of FGF. 
The discrepancy between F, and F, de- 
pends on the composition of the mixed ex- 
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haled gas and RT. The greater the fraction 
of mixed exhaled gas from alveolar gas, the 
less the difference between F, and F, and 
the greater the importance of the RT in de- 
termining the difference between F, and F ,. 


If a constant delivered concentration of 
anesthetic is used, the difference between 
F, and F, not only relates to the Narkotest 
RT but also to the rate of increase of the 
circuit anesthetic concentration. The great- 
est differences between F, and F, should 
occur with circuits having a rapid RT (a 
disposable circuit with an FGF of 5 L/min) 
and anesthetics with a long Narkotest RT 
(methoxyflurane). When the Narkotest is 
attached to the expiratory limb of a circle- 
absorber breathing circuit and used with 
low FGFs, the Narkotest RT becomes less 
important and the Narkotest better reflects 
F. and F,. 
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Ketamine Anesthesia in Dermolytic Bullous Dermatosis 
(Epidermolysis Bullosa) 


S. R. LoVERME, MD, FACS* 
A. T. OROPOLLO, MD, FACAT 


An unusual hereditary disease entity of the 
integument, dermolytic bullous dermatosis 
(epidermolysis bullosa dystrophica), recessive 
type, is presented. The disease is characterized 
by the formation of bullae, vesicles, and ero- 
sions upon the application of the least trauma. 
Healing results in scarring and incapacitating 
deformities which require extensive reconstruc- 
tive surgery. 


HIS paper presents experiences in the 

anesthetic and surgical management of 
a case of dermolytic bullous dermatosis, re- 
cessive type (epidermolysis bullosa dystro- 
phica polydysplasia). In view of the unique- 
ness of this entity, 1:300,000 for this par- 
ticular type,! a brief review of some of its 
features is submitted. 


The disorder is one of the mechanobullous 
diseases." These are rare, chronic, nonin- 
flammatory conditions in which the clinical 
lesions, erosions, or bullae frequently arise 
from relatively minor trauma to skin or 
mucous membranes. 'They are primarily in- 
herited, although acquired, mild forms have 
been described.” 


A recent classification? of the diseases 
divides them into 2 major divisions, the non- 
scarring and the scarring. These divisions 


A technic utilizing ketamine-diazepam “dis- 
sociative anesthesia” for several surgical pro- 
cedures for this condition is described. The 
technic enabled the patient to undergo 3 com- 
plex operations over a 2-year period with 
minimum complications. 


encompass the following major types of 
classic epidermolysis bullosa: t 


I. Nonscarring. 

A. Epidermolysis bullosa simplex is the 
most common and mildest form. The le- 
sions may be present at birth or at any time 
thereafter. They heal rapidly and without 


tance is dominant. 


B. Recurrent bullous eruptions of hands 
and feet (Weber-Cockayne disease?) is 
noted early in life and primarily involves 
the extremities. Many cases occur only in 
summer. 'The lesions generally heal without 
scarring and the disease does not impair 
the general health. 


tTerminology varies; that proposed by Pearson’ is 
used here. Ed. 
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C. Junctional bullous epidermatosis (epi- 
dermolysis bullosa letalis, Herlitz disease!) 
is the most severe form and is a result of 
recessive inheritance. The lesions are exten- 
sive, commonly arise at birth, and usually 
heal with no scar formation. Survival is 
rare beyond 3 months. 


I]. Scarring. 


A. Dermolytic bullous dermatosis (epi- 
dermolysis bullosa dystrophica hyperplas- 
tic), with a dominant inheritance, is a mod- 
erately severe form in which scarring results 
from the healing of bullae. Contractures 
may occur, but the disease does not pose 
a threat to the patient's longevity. 


B. Dermolytic bullous dermatosis (epi- 
dermolysis bullosa dystrophica polydyspla- 
sia) is transmitted by recessive inheritance. 
This type is severe and extremely disabling. 
It is present at birth or appears early in 
infancy with the formation of widespread 
bullae of the skin and oral mucosa. These 
are produced by minor trauma. The skin is 
thin, xerodermic, and presenile in appear- 
ance. There may also be associated defects 
of the nails, teeth, mucous membranes, and 
conjunctiva. The oral Jesions produce scar- 
ring and degenerative changes of the muco- 
sa, with varying degrees of stenosis of the 
alimentary track, such as esophageal steno- 
sis. Because of the predilection for hands, 
feet, elbows, and knees, severe mutilation 
may result. There is extensive scarring, 
with the production of pseudodactyly and 
contractures of the hands. General physical 
and intellectual development is poor and 
survival beyond the 2nd decade is unusual. 
The survival rate has increased with the 
more effective control of infections. 


The etiology of these diseases is unknown. 
The basic pathologic defect is a separation 
of the epidermis from the underlying corium 
on slight trauma.® 


Innumerable systemic drugs have been 
employed in treating this disorder, all with- 
out marked success. Steroids have been 
helpful, but are of limited value. Because of 
the marked impairment of function, often to 
the point where everyday functions are im- 
possible or severely hampered, surgical in- 
tervention is often necessary. Operative pro- 
cedures undertaken are usually for (1) the 
release of epithelial contractures of the 
digits; (2) the restoration of opposition and 
pinch; and (3) to allow for unrestricted 
growth. Simple separations of the digits, 
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with split or full-thickness grafts. are there- 
fore used.6:7 


In these patients, anesthesia presents a 
serious and difficult endeavor." !^ Any fric- 
tion on the skin and mucous membranes can 
produce large bullae. Application of a mask 
may produce bullae, scarring, and deform- 
ity. Oral airways can produce hemorrhagic 
lesions of the tongue. Endotracheal intuba- 
tion may result in the formation of lesions 
of the oropharyngeal epithelium capable of 
producing acute obstruction of the upper 
airway. Bullae within the larynx extending 
down the trachea, resulting in obstruction 
and even stenosis, have been reported.’ Ad- 
hesive tape has caused the underlying skin 
to be lifted off the patient. 


CASE REPORT 


In the recent past, we have treated an 
intelligent, alert, and cooperative 17-year- 
old girl, with severe hand deformities noted 
since childhood, secondary to epidermolysis 
dystrophica. Her skin had a shiny, parch- 
ment-like appearance and the nails were 
absent. Numerous bullae, scars, and excori- 
ations were noted over the entire body sur- 
face, but particularly involving the extremi- 
ties and the perioral area. 'The fingers were 
in flexion contracture of varying degree, 
bound together with loss of web spaces, and 
the thumbs were adducted into the other 
fingers (fig 1). The wrists showed some flex- 
ion deformity, with the left wrist being the 
more contracted. The feet were also involved, 
but not to the degree of the hands. 





Fia 1. 


Stigmata of dermolytic bullous derma- 
titis, recessive type, in hands of 17-vear-old patient. 
No stigmata were seen in any other members of 
family. 
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In view of the many complications pos- 
sible with general anesthesia, it was elected 
to employ a “dissociative anesthesia," keta- 
mine hydrochloride, as the sole anesthetic 
agent.!^ This drug appeared to be an ideal 
agent in this case, since it provided for a 
rapid induction with good anal gesia, main- 
tenance of a good airway with preservation 
of the pharyngeal-laryngeal reflexes, and 
minimal manipulation of the patient. To re- 
duce the possibility of "emergence deliri- 
um," sometimes seen after ketamine anes- 
thesia, diazepam was given as a premedi- 
cant, at the termination of operation, and in 
the recovery period. She had had previous 
operations under general inhalation anes- 
thesia, but some difficulties were encoun- 
tered with the technic, and postoperative 
restlessness had produced numerous new 
bullae and erosions of the patient's skin. 


The patient and parents were seen pre- 
operatively, and the anesthesia management 
was discussed at length. In a period of 2 
years, the patient underwent 3 surgical oper- 
ations, consisting of multiple corrective pro- 
cedures of the hands. The anesthetic man- 
agement was identical in all respects, using 
the diazepam-ketamine IV technic for in- 
duction, maintenance, and emergence. 


On admission, her weight was 44 kg, 
height 173 cm, pulse 96 bpm, oral tempera- 
ture 37° C, BP 110/70. All laboratory find- 
ings were within normal limits. On the day 
of operation, the patient was premedicated 
with 0.4 mg of atropine and 10 mg of diaze- 
pam IM 45 minutes prior to operation. She 
was alert and calm on arrival in the operat- 
ing suite. A balanced electrolyte solution, 
Normosol-R?/5 percent DW, was begun 
with a 418 Jelco needle. Metal needle elec- 
trodes, 425, were used intradermally in con- 
junction with the use of an ECG monitor. 
No adhesives were employed. During an 
earlier procedure, the removal of adhering 
paper electrodes caused the underlying skin 
to be detached, producing weeping circular 
lesions (fig 2). A bland ointment was used 
to protect the eyes. 

Induction was with ketamine (100 mg) 
IV given over a period of 1 minute; supple- 
mentary doses, when required, were given 
at one-half the induction dose. Pulse and 
respiratory rates were increased slightly. 
Blood pressures were not taken because of 
the risk of skin damage. Reconstructive sur- 
gery on the right hand was performed and 
anesthesia was maintained uneventfully for 
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Fic 2. Lesion caused by electrode, after removal. 
Same patient as figure 1. 


a little over 4 hours. Approximately 15 min- 
utes before the completion of operation, the 
patient was given 2.5 mg of diazepam IV. 
She was then moved to the recovery room, 
where recovery was rapid and uneventful 
and consciousness was regained after ap- 
proximately one-half hour. There was no 
evidence of emergence delirium. Postopera- 
tive visits revealed a complete absence of 
dreaming or mental agitation during recov- 
ery. 
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VENTILATORY FAILURE. An obese (52.9 kg) 10-year-old boy manifested unex- 
plained respiratory failure associated with almost complete absence of hypoxie and 
hypercapnic ventilatory responses. Weight loss to 38.2 kg did not alter the responses 
to either hypoxia or hypercapnia. Neurologie examination, including normal ninth- 
cranial nerve function illustrated by intaet gag reflex and heart-rate slowing during 
carotid-sinus massage, was negative. Thyroid function tests were normal. Wentilatory 
responses to both hypoxia and hypercapnia were found to be depressed in both parents 
and 4 siblings. It seems that genetically determined reductions in chemical stimulation 
to ventilation are the most likely explanations for this patient's ventilatory failure. 
(Moore GC, Zioillich CW, Battaglia JD, et al: Respiratory failure associated with 
familial depression of ventilatory response to hypoxia and hypercapnia. NEJM 295: 
861-865, 1976) 
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Left Heart Assist Device: Early Clinical Experiences with 
Management of Postperfusion Low Cardiac Output 
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Low cardiac output is a continuing cause of 
mortality after intracardiac operation in pa- 
tients coming to surgery with advanced myo- 
cardial dysfunction. A simple method using 
a left heart assist device (LHAD) after open- 
heart surgery to manage low cardiac output 
resistant to all adjuvant therapy is described. 
Except for the special cannulas, all equipment 
necessary for the LHAD is available in any 
unit performing open-heart surgery. 

Fifteen patients who could not be separated 
from conventional cardiopulmonary bypass 
underwent postoperative support with the 


O= of the main causes of mortality fol- 
lowing open-heart surgery is persistent 
low cardiac output. Perhaps all cardiac 
teams have faced disastrous situations when 
the patient's heart fails to take up its pump- 
ing function after open-heart surgery and 
the patient dies. If such a patient could be 
kept alive for a few days, the heart might 
recover. 


It has been common experience that the 
hemodynamic state with low cardiac output 
syndrome resistant to other treatment may 
be stabilized when moderate volumes of the 
systemic blood flow are mechanically shunt- 
ed around the left ventricle (LV). A num- 
ber of methods of assisted circulation have 
been tested in experiments and some have 
been used clinically.1-3 


In this institution, efforts have been un- 


LHAD (up to 501 hours). Ten patients were 
weaned from the device and 6 were dismissed 
from the hospital. Four patients remain alive, 
the longest period after operation being 24 
months. 

A major asset of the LHAD is that thoracic 
reentry is not required at termination of 
LHAD support, since their design permits the 
cannulas to remain permanently in situ. This 
is thought to be an important concept, since 
critically ill patients requiring support are 
precisely those in whom added risk would be 
imposed by a second operation. 


derway to develop a simple method of par- 
tial left ventricular (LV) bypass.*5 This 
communication describes procedures and 
summarizes our clinical experience with a 
left heart assist device (LHAD). Our sys- 
tem does not require thoracic reentry. 'T'his 
fact is very important. Other technics for 
LV bypass with central cannulation require 
a second anesthesia and thoracic reentry for 
subsequent cannula removal. In this group 
of patients, additional reoperation would be 
particularly hazardous. 


System Design.— Both the left atrial 
(LA) and ascending aorta cannulas* are 





*Available from Hancock Laboratories, Inc, Ana- 
heim, California. Description of cannulas and pro- 
tocal; Litwak-Koffsky™ Obturated Cannulae for 
extracorporeal left heart assist. Hancock Labora- 
tories, Inc (June 1975). 
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? Professor of Surgery; Chief, Division of Cardiothoracic Surgery. 
tAssistant Professor, Division of Cardiothoracic Surgery. 
$Assistant Professor, Division of Cardiothoracic Surgery. 

i; Mount Sinai Medical Center, New York, New York 10029. 
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Fig 1. The double-skirt cannulas with obturators. 


relationships of both left atrium and ascending aorta. 


made of silicone elastomer tubing and pos- 
sess polyester skirts for convenient suturing 
(fig 1). The distal ends of both cannulas 
are positioned subcutaneously in the upper 
abdominal wall and connected to an extra- 
corporeal circuit. Obturators, each of which 
accurately fills the cannula lumen, allow 
bypass to be discontinued without thoracic 
reentry. After disconnection of partial LV 
bypass, each obturator-filled cannula tip 
presents a smooth closed interface for blood 
flow. Except for the cannulas, all other 
extracorporeal elements required to institute 
partial LHAD support are available in any 
unit performing open-heart surgery. Inter- 
posing the nonocclusive roller pump be- 
tween the LA and aortic cannulas gives 
blood flows of up to 5000 ml/min. 


Criteria for Employment of the Device. 
-——Institution of the LHAD is based upon 
evidence of inadequate cardiac performance 
following intracardiac operation where con- 
ventional cardiopulmonary bypass (CPB) 
cannot be discontinued despite adjuvant 
therapy. Criteria of circulatory failure dur- 
ing attempted weaning from CPB include: 
(1) elevated LV filling pressure (mean LA 
pressure greater than 25 torr); (2) visible 
evidence of poor cardiac contractility; (3) 
resistance to adjuvant pharmacologic agents, 
as well as atrial or ventricular pacing. 


When circulatory insufficiency persists 
and separation from CPB remains impos- 
sible, intra-aortic balloon counterpulsation 
(IABC) is employed for 60-minutes.7:* Fail- 
ure of these measures to achieve stabiliza- 
tion is taken to indicate that life-threatening 
cardiac failure exists, and the LHAD is 
instituted, 


Application of the LHAD.— After implan- 
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Tips are angulated to conform to the anatomic 


tation, the LA and aortic cannulas are put 
into place and connected to the tubing loop 
and roller pump (fig 2). The system is 
primed with blood withdrawn from CPB. 
Guided by LA and systemic arterial pres- 
sures, the LHAD is instituted as CPB is 
gradually discontinued.? 


When hemodynamic stability has been 
attained, decannulation from CPB is car- 
ried out. Heparin is partially neutralized 
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Fig 2. The cannula-pump system for the LHAD. 
The left atrial and aortic cannulas have been sutured 
into place and their distal tips positioned sub- 
cutaneously in the right upper quadrant of the 
abdominal wall, where they are connected to a 
tubing loop and roller pump. 
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with protamine sulfate, thereby permitting 
operative hemostasis while a minimal de- 
gree of heparinization is retained to avoid 
thromboembolism. A simple device, the 
Hemochron?,* measures modified whole- 
blood activated coagulation time and allows 
repetitive control of residual heparin activ- 
ity. Sternal closure is carried out and the 
patient is transferred to the intensive care 
unit (ICU) with the LHAD and IABC 
operating on battery power. 


During the operative period, anesthesia is 
maintained with N.O, increments of fen- 
tanyl, and pancuronium. After closure of 
the chest, the orotracheal tube is replaced 
by a nasally placed endotracheal Lanzt 
controlled low-pressure cuff tube, and the 
nasogastric tube is inserted. 


Management of the LHAD Device in the 
ICU.—Continuous mechanical ventilatory 
assistance is employed throughout the time 
the patient is on the LHAD. More often 
than not, patients are awake following oper- 
ation. Morphine sulfate and pancuronium 
are used for sedation and to abolish respira- 
tory effort. With the patient still on the 
LHAD, tracheotomy is carried out 72 hours 
after operation. Patients are generally 
weaned from the ventilator 24 hours after 
disconnection from the LHAD. 


The whole-blood activated coagulation 
time is maintained between 110 to 140 sec- 
onds with small doses of heparin (3 to 10 
IU/kg/hr), using a protocol modified from 
that of Hill and coworkers.!" 


Flow Rate of the LHAD.—-In the ICU, 
a Swan-Ganz thermistor catheter is passed 
and total systemic blood flow (TSBF) 
measured by the thermodilution method.!! 
Knowledge of TSBF and LV filing pres- 
sures allows logical decisions to be made 
regarding LHAD flow rate and the possible 
need for blood volume augmentation. We 
maintain the volume of partial LV bypass 
so that the combined output of the LHAD 
and the LV achieve a TSBF of approximate- 
ly 2.5 L/min/m? at acceptable mean LA 
pressures below 20 torr. Calculation of LV 
output is made by simply subtracting the 
known LHAD flow rate from TSBF. The 


*Hemochron® Model 400 blood coagulation timer, 
International Technidyne Corporation, Edison, 
New dersey. 


Lanz controlled pressure cuff endotracheal tube. 
Manufactured by Lanz Medical Products Corpora- 
tion. Marketed by Extracorporeal Medical Special- 
ties, Inc, King of Prussia, Pennslyvania. 
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following formula is used to calculate the 
pereent LV contribution to TSBF: 


9, contribution LV output/min = 


TSBF/min 

As cardiac performance improves, it is 
possible to proportionately reduce the 
LHAD flow rate. Separation of the patient 
from the LHAD is considered when partial 
LV bypass flow rate is less than 500 ml/min. 
With the patient awake, the subcutaneous 
connections between the extracorporeal tub- 
ing loop and the LHAD cannulas are ex- 
posed through a small right subcostal inci- 
sion performed under local infiltration. The 
pump is turned off, the tubing separated, 
and an obturator inserted into each cannula 
lumen. Cannulas are buried subcutaneously 
and the skin is closed.? 


CLINICAL MATERIAL 


Fifteen patients who could not be sepa- 
rated from CPB because of persistently poor 


AORTA 
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Fra 3. The cannula-pump system for the LHAD. 
Left atrial and aortic cannular relationships after 
separation from the heart assist device and insertion 
of the obturators. The occluded cannulas have been 
placed in the subcutaneous pocket and the skin 
closed. This procedure is done under local anes- 
thesia. 
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myocardial performance have undergone 
LV partial bypass (table). All were in ASA 
class IV or VE and in New York Heart 
Association (NYHA) class 4-4. Four of the 
ASA class VE patients were either in car- 
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diac arrest or cardiogenic shock before in- 
tracardiac operation and the LHAD was 
used as a desperation measure. Fifty-one 
patients previously considered poor surgical 
candidates and denied operation on that 


TABLE 
MM NCC MCN MN I uM CM M M Lll 
Duration maximum 
CH. ASA of LHAD, flow, 
O Age class Operation hr L/min Outcome 
Group I: Patients dependent on LHAD 
1 63 5E CABG and PLVE for 95 3.6 Succumbed 
established cardiogenic 
Shock 
61 4 MVR, AVR 67 3.6 Succumbed 
51 4 MVR, AVR 2 3.6 Succumbed 
52 5E Attempted ITA implant; 33 1.80 Succumbed 
emergency CABG (after 
arrest) 
12 50 4 AVR 6 2.380 Succumbed 
Group II: Patients separated from LHAD, hospital deaths 
7 60 4 MVR, CABG 70 2.20 Late death (9 wk); persistent 
arrhythmias; PVT 
8 44 5E Multiple CABG, LV 164 3.00  Succumbed (4 wk); MSF 
aneurysmectomy 
14 65 4 Multiple CABG, MVR 109 8.6 Succumbed (14 days); MSF 
15 53 AVR 501 4.5 Succumbed (5 wk); MSF 
Group III: Patients dismissed from the hospital 
65 4  MVR,AVR 44 2.80 Living (16 mo PO) 
65 5E Multiple CABG, LV 67 1.50 Living (16 mo PO) 
aneurysmectomy 
9 50 4 Multiple CABG 43 1.70 Late death (7 wk): mediastinitis 
10 69 MVR, TVR 71 1.50 Living (21 mo PO) 
11 46 Multiple CABG 43 3.24 Living (26 mo PO) 
13 54 5E Infarctectomy and VSD 114 3.6 Late death (10 wk): recurrent MI 


closure for cardiogenic 
Shock (96 hr) 


All patients were in NYHA class 4-4. All patients except #2, 5, and 6 had concomitant use of IABC. 


AVR = aortic valve replacement. 
CABG = coronary artery bypass graft. 
IABC = intra-aortic balloon counterpulsation. 
ITA = internal thoracic artery. 

LHAD = left heart assist device. 

LV = left ventricle. 

MI = myocardial infarction. 

MVR = mitral valve replacement. 
PVT = prosthesis-valve thrombosis. 
TVR = tricuspid valve replacement. 
VSD = ventricular septal defect. 

PLVB = partial left ventricular bypass. 
CH.O. = chronological order. 

MSF = multiple subsystem failure. 
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basis were accepted for cardiac repair with 
the understanding that the LHAD might be 
needed. Nine of the 51 patients (17.625. 
required the device. An unanticipated need 
for the LHAD developed in 2 patients with 
severe aortic stenosis undergoing elective 
valve replacement. 


IABC was attempted in all 15 patients 
prior to use of the LHAD. In 3 of these 
patients, retrograde passage of the balloon 
could not be accomplished, presumably be- 
cause of aorto-iliac arteriosclerotic obstruc- 
tion. 


RESULTS 


Use of the LHAD enabled establishment 
of hemodynamic stability in 14/15 patients, 
employing flow rates of 1.5 to 4.5 L/min. 
The duration of support and patient out- 
come are delineated in the table. Five pa- 
tients (group I) remained support-depen- 
dent and all died. 


Of 10 patients weaned from the LHAD, 
4 (group II) subsequently died in the hos- 
pital (3 of persistent low cardiac output 
with multiple subsystem failure 10, 14, and 
21 days after separation from the LHAD, 
and 1 from prosthesis-valve thrombosis). In 
this group, support time ranged from 70 to 
501 (mean 211) hours. 


Six patients (group III) were successfully 
separated from the LHAD and discharged 
from the hospital. There have been 2 late 
deaths, 1 patient at 10 weeks (recurrent 
MI) and the other at 7 weeks (mediastini- 
tis). In the latter patient, the decision to 
deploy the LHAD had been inordinately de- 
layed, so that the sternum was open over 
12 hours. Four patients are living and well, 
16, 16, 21, and 26 months after operation. 
In 2 of the survivors, the LHAD had been 
the sole means of circulatory assistance be- 
cause of inability to advance the intra-aor- 
tic balloon into proper position. 


Hematologic alterations have all been 
within physiologically acceptable range: 
platelet count of 60,000, 250,000 mm*; plas- 
ma fibrinogen of 200—515 mg/100 ml; and 
plasma free hemoglobin below 100 mg/100 
ml. These distortions were always maximal 
on the day of operation, reflecting combined 
perfusion trauma of CPB, intra-aortic bal- 
loon pumping, and the LHAD. One patient 
required reoperation for oozing; a specific 
bleeding point was found and recovery was 
uneventful. Clinical evidence of thrombo- 
embolism related to the LHAD has not been 
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observed. The retained obturated cannulas 
have been well tolerated by the patients. 


A minimum of 4 persons is needed to 
maintain LH AD support in the ICU. 


DISCUSSION 


When pharmacologic and other support 
has failed to improve cardiac performance 
sufficiently to allow separation of the pa- 
tient from conventional CPB, mechanical 
circulatory assistance offers the only means 
of survival. It has been demonstrated that 
many of these patients will attain sufficient 
improvement of the hemodynamic state 
with IABC alone.*.? 


However, certain patients require even 
greater mechanical support to achieve a 
level of systemic blood flow sufficient to sur- 
vive. As indicated earlier, the use of IABC 
is always attempted prior to considering 
LHAD deployment. Both methods can be 
used concurrently and, whenever feasible, 
IABC is continued for a time after LHAD 
separation, so that weaning from all me- 
chanical support is carried out in a gradual 
fashion. 


No attempt has been made to totally by- 
pass the LV. On the contrary, the LHAD 
flow rate is adjusted so that it supplements 
whatever volume is being ejected by the LV 
in order to attain levels of TSBF sufficient 
to sustain body metabolic stability at satis- 
factory LV filling pressures. Presumably, 
myocardial O, consumption (MVos;) is 
somewhat reduced in accordance with the 
Laplace relationship. However, it is clear 
from investigative studies in animals'?.!? 
that left heart bypass achieves maximal re- 
duction of MVo. only when the LV is total- 
ly unloaded. 


In the past, as a consequence of these in- 
vestigations, it was considered mandatory 
that left heart support methods ideally 
should involve total left heart bypass to 
achieve a goal of maximum M Yo, reduction. 
Under these conditions, it was conceived 
that the heart would be placed at maximal 
"rest" 'The recent important study of 
Wakabayashi and associates!? has shed con- 
siderable light on the fact that the MVO,» 
was markedly decreased in experimentally 
damaged hearts and the Mvo, gradually in- 
creased during left heart bypass. These ex- 
periments can be interpreted as suggesting 
that total LV bypass may not always be 
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necessary to established conditions condu- 
cive to recovery of the depressed LV follow- 
ing open-heart surgery. 


Additional investigations are required to 
clarify our knowledge of the directional 
changes of MYo, in the total and partial 
bypass of normal and diseased hearts. How- 
ever, the fact that 10/15 of the patients 
having partial LV bypass with the LHAD 
could ultimately be separated from the de- 
vice (and 6 dismissed from the hospital) 
indicates that LV functional recovery can 
occur under partial support (LHAD). This 
means that a simple partial unloading sys- 
tem such as the LHAD may be all that is 
necessary in the majority of cases, and that 
a total LV bypass system (which is a more 
complicated device usually with a saclike 
ventricle, valves, timing devices, etc) may 
not be required. 


The LHAD cannulas have been well tol- 
erated (longest patient follow-up has been 
26 months), an experience identical to that 
observed in dogs with obturated cannulas 
followed for 4 years. The one mediastinal 
infection encountered in this series occurred 
in a patient where there was a substantial 
delay in electing to use the device (the 
chest was open in excess of 12 hours). 


The current system is nonpulsatile, Al- 
though there are obvious physiologic advan- 
tages of pulsation, we have not yet elected 
to employ this mode for 2 reasons. First, 
both cannula diameters would have to be 
enlarged, and this would increase technical 
problems of insertion. Second, pulsatile 
flow would require a more complex system, 
as suggested earlier. The present minimal 
heparin requirement would almost certainly 
have to be increased, since as yet there has 
been no thrombo-resistant surface shown to 
reliably retain this characteristic over a 
period of a month of pumping. The need 
for additional heparin might increase the 
chance of bleeding in fresh postoperative 
patients. 


LHAD deployment, operation, and pa- 
tient separation with cannula obturation 
have been relatively simple and uncompli- 
cated. Our clinical experience lends support 
to the hypothesis that, given time, improve- 
ment in cardiac performance is frequently 
possible with an LHAD which partially un- 
loads the depressed LV while augmenting 
TSBF. We believe that a major asset of 
the LHAD is that thoracic reentry is not 
necessary when support is terminated. 
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Guest Discussion 
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The development of the implantable cath- 
eters and obturators, and the success in deal- 
ing with coagulation problems via the use 
of heparin and activated clotting time, are 
significant achievements. The outstanding 
fact is that 6 patients were discharged from 
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hospital who would have died without the 
left heart assist device (LHAD). 


The occurrence of a low cardiac output 
due to ischemic hemorrhagic necrosis of 
the left ventricle following cardiopulmonary 
bypass is the most perplexing problem en- 
countered by those of us involved in open- 
heart surgery and anesthesia. Much as been 
written recently! on the preservation of 
the myocardium during open-heart surgery 
and it is evident that it is a multifaceted 
problem. The high mortality in our experi- 
ence has been significantly reduced by the 
intra-aortic balloon, and the development 
of the LHAD should lead to a further de- 
crease in mortality. 


I strongly believe that the LHAD should 
be used to decrease mortality in patients 
who have undergone open-heart surgery and 
were expected to do well but unfortunately 


did not. I am concerned that the availabil- 


ity of this device may encourage some to 
accept patients for open-heart surgery who 
up until now would have been rejected be- 
cause of an unacceptable mortality risk. 


We are all cognizant of the fact that 
coronary artery disease is the leading cause 
of mortality in our population. There are 
millions of people who could at this mo- 
ment benefit from aorta-coronary surgery if 
resources were available. To make the most 
of the medical dollar, we must be doing the 
best operation for the greatest number of 
people. There are patients who, because of 
the nature and severity of their cardiac dis- 
ease, are at great risk for the development 
of a low cardiac output syndrome following 
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cardiopulmonary bypass. It is quite appar- 
ent that those who are fortunate enough to 
have survived have a very low quality of 
life as compared to those who have had an 
uneventful open-heart experience. 


I would hope that the availability of the 
LHAD will not result in a liberalization of 
criteria for open-heart surgery. There could 
develop a situation whereby operative mor- 
tality is decreased but postoperative mor- 
bidity is increased. I would emphasize 
again that at the present time, the LHAD 
should be considered a support system for 
patients who should have done well but did 
not. 


A prospective study may be undertaken 
by a limited number of investigators to de- 
termine whether or not patients, who by 
present standards are not acceptable for 
open-heart surgery, with the availability of 
the intra-aortic balloon and the LHAD can 
become acceptable in that not only do they 
survive operation but they then have a 
better position in the classification of heart 
disease. 
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Thrombophlebitis After Intravenous 


Diazepam— 


Can It Be Prevented? 


CHARLES W. GRAHAM, MD, PhD* 
RICHARD R. PAGANO, MD1 
RONALD L. KATZ, MDt 


Los Angeles, California§ 


Although pain and subsequent thrombophle- 
bitis are complications in patients receiving 
intravenous (IV) diazepam, the mechanism 
and accompanying histology are unknown. To 
further elucidate the pathogenesis for this 
and determine whether it can be minimized, 
adult female rats received IV diazepam, diaze- 
pam vehicle, lidocaine, a combination of lido- 
caine and diazepam, or N saline solution, and 
underwent subsequent tissue light microscopy. 
Vascular tissue from animals receiving IV 
diazepam alone revealed marked inflammation 
with inflammatory edema and intramural poly- 
morphonuclear-cell infiltration. Intravascular 
thrombosis and complete vein-wall destruction 


NTRAVENOUS (IV) diazepam is well rec- 
ognized and widely used in clinical med- 
icine as an anticonvulsant, a premedicant, 
and an anesthetic induction agent.! While 
the reported side effects have been minimal, 
a recurrent source of morbidity is pain on 
injection and the subsequent development 
of thrombophlebitis.! 3-46- Langdon and co- 
workers,! in their series of 1500 sub jects, 
reported pain on injection in 22 percent, 
while 3.5 percent developed clinical throm- 
bophlebitis. 
While clinical pain and thrombophlebitis 
associated with IV diazepam are reported, 
little is known about the resulting vascular 


morphologic alterations. Such information 
might help elucidate the pathogenesis and 
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were also present in some animals as early as 
48 hours after IV diazepam. Diazepam vehicle 
and diluted diazepam produced similar morpho- 
logic alterations. Lidocaine or saline IV re- 
sulted in no histologic alterations, while lido- 
caine added to diazepam did mot reduce the 
inflammatory response. These results repre- 
sent the first systematic morphologic evalua- 
tion of vein response to intravascular diazepam 
and suggest that it produces rapid and detri- 
mental morphologic alterations. The dilution 
of diazepam or combination with lidocaine does 
not appear to alter these findings, and diaze- 
pam vehicle appears to assume a role in the 
production of the vascular injury. 


subsequent prevention of this phenomenon. 
The following report describes the changes 
occurring in veins following IV diazepam, 
the effect of IV lidocaine on these altera- 
tions, and a possible mechanism for them. 


MATERIALS AND METHODS 


Forty-eight healthy female Wistar rats 
weighing on the average 300 g were anes- 
thetized with open-drop erflurane. The 
saphenous veins were exposed bilaterally 
and ligating sutures placed loosely proxi- 
mally and distally on the vessels 1.5 cm 
apart. The veins were then cannulated with 
26-gauge needles under a dissecting micro- 
scope, and experimental or control agents 
were infused. The 2 sutures were tightened 
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for 5 seconds after injection to insure ade- 
quate drug contact with the vein wall and 
then removed. The animals were allowed to 
recover and left undisturbed until sacrifice. 
Each animal served as its own control, one 
side receiving N saline solution and the 
other experimental drug. 


Diazepam, 0.5 percent, served as the stock 
drug solution. Experimental animals re- 
ceived either 0.015, 0.03, 0.25, 0.5, 0.75, or 
1 mg of diazepam in a double-blind protocol 
with an equal volume of N saline control. 
Some animals received diluted diazepam, 
1/100, made with preservative-free 0.9 per- 
cent NaCl. 


Experimental animals also received phar- 
macy-grade benzyl alcohol (5095) or pro- 
pylene glycol (195) in proportions similar 
to those in diazepam, to evaluate the major 
diazepam vehicles. 


Further, some animals received preserva- 
tive-free lidocaine or diazepam with lido- 
caine, to assess the effects of these agents 
on the vascular wall. 


At 24, 48, 72, 96 hours, and 10 days, ani- 
mals were sacrificed by enflurane overdose. 
The saphenous veins were removed and 
fixed in formalin for 24 hours. After routine 
histologic processing, each section was ex- 
amined under light microscopy by 2 path- 
ologists, following a double-blind criterion, 
for evidence of inflammatory response in 
and around the saphenous vein. Observed 
alterations were classified into 4 categories, 
ranging from normal histology (0) to 
presence of severe inflammatory changes 
(+++). 


RESULTS 


IV injection of control saline did not alter 
the normal histology of the vascular tissue 
in any case (fig 1). In marked contrast, 
infusion of IV diazepam resulted in vascular 
inflammation, including vessel dilation, in- 
terstitial edema, and polymorphonuclear- 
leukocyte infiltration with subsequent throm- 
botic organization (fig 2). 


The observed intravascular inflammation 
appeared to be both time and dose depen- 
dent. Analysis of the histologic changes fol- 
lowing diazepam suggested that mild intra- 
vascular alterations first appeared by 24 
hours, while maximum pathology, including 
thrombosis, was manifest by 48 hours in 
some animals. Thus, all tissues were exam- 
ined at 48 hours for appearance of morpho- 
logic alterations (table 1). Increasing the 
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TABLE 1 


Effect of Time and Dose After IV Diazepam 
on Vascular Inflammatory Response 





sel oee oe Meon response 
os ++ (4)* 
48 ks (9) 
2 +++ (4) 
96 +++ (1) 
10 days +++ (1) 
Dose, mg Response _ 
0.015+ 43:42) 
0.0304 eer 
0.25 xcu (4) 
0.5 soot (3) 
0.75 +++ (3) 
1.00 +++ (8) 





*Number of animals 
*Diluted dose—1/100 dilution of 0.5% diazepam. 


Vascular dilation and interstitial edema with 
mild cellular response. 


‘Vascular dilation and interstitial edema with 
pronounced cellular response. 


tt Marked inflammation with vascular destruction 
and/or thrombosis. 


infused dose of diazepam to a maximum of 
1 mg resulted in increasing interstitial poly- 
morphonuclear infiltration and intravascu- 
lar thrombosis (table 1). 


The intravascular results of infusing ben- 
zyl alcohol and propylene glycol are de- 
picted in table 2. Both agents produced in- 
flammatory responses consisting of vascular 
dilation, interstitial edema, and polymor- 
phonuclear-leukocyte response similar to 
intermediate doses of diazepam. 


TABLE 2 


Effect of Diazepam Vehicle on Vascular- 
Tissue Inflammatory Response 





Vehicle 


dete typ Paar EE ERR RR E E E E Ran amaA aiat N 


Benzyl alcohol (50%)# at (3)* 
Propylene glycol (1%)+ 


Mean response 


*Number of animals. 
10.2 ml. 
Vascular dilation and interstitial edema with 
mild cellular response. 
-EVascular dilation and interstitial edema with 
pronounced cellular response. 


+-+-tMarked inflammation with vascular destruction 
and/or thrombosis. 
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Fig 1. Normai vascular tis- 
sue following infusion of con- 
trol saline. (Hematoxylin and 
eosin, 450 X .) 













Fig 2. Effects of IV diaze- 
pam on vascular histology at 
48 hours. Note vascular dila- 
tion, interstitial leukocyte in- 
filtration, and thrombus for- 
mation. (Hematoxylin and 
eosin, 150x.) 


Fic 3. Effect of lidocaine 
on diazepam-induced vascu- 
lar inflammatory response. 


(Hematoxylin and eosin, 
450X.) 
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IV injection of lidocaine did not alter the 
normal intravascular morphology. However, 
when combined with 0.25 mg of diazepam, 
there was no apparent protection afforded 
by the lidocaine. As demonstrated in figure 
3, increased interstitial polymorphonuclear 
inflammatory cells and destruction were 
present. 


DISCUSSION 


It has been amply demonstrated that 
pain and thrombosis accompany IV injec- 
tion of diazepam, ** and at least 1 case 
of a more severe consequence, loss of a 
limb, has been reported.* In spite of these 
abundant clinical reports, there is little in- 
formation regarding what occurs at the cel- 
lular level. Knill and Evans’ described 
severe cellular alterations after intra-arterial 
diazepam but did not investigate vein re- 
sponse. The present report extends their 
work to the commonly used IV route and, 
as such, represents the first systematic his- 
tologic evaluation of diazepam on the vein 
wall. 


The results demonstrate there is vascular 
damage, including dilation, stasis, intersti- 
tial infiltration, and thrombosis as early as 
48 hours after IV diazepam. While these 
findings agree in general with those of Knill 
and Evans for intra-arterial infusions in 
rabbits,’ they appear much sooner (48 hours 
versus 5 to 10 days). This may reflect a 
species difference between rats and rabbits 
or be a function of venous rather than arte- 
rial infusion. The clinical observation that 
erythema, pain, and heat occur around in- 
jection sites in humans within 24 to 48 
hours after diazepam further supports the 
thesis that histologic alterations occur rap- 
idly. 


Although intravascular injury was evident 
by 24 hours in the present report, there was 
persistent thrombosis as late as 10 days 
postinjection. 'This suggests that destructive 
vascular alterations are long standing and 
may not be reversible. Such a finding is 
reinforced by Knill and Evans,’ who dem- 
onstrated nonreversible necrosis and gan- 
grene of rabbit pinnae at 10 days after arte- 
rial infusion of diazepam. 


The present data also demonstrate in- 
creasingly severe pathology with larger 
doses of diazepam. Clinically, 0.77 mg/kg, 
or 5 mg in a healthy 70-kg person, is an 
often-used dose. During endoscopy or anes- 
thetic induction, however, it is common to 
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administer 0.3 mg/kg or more in a 70-kg 
person.?. In the present study, animals 
received 0.06 to 4 mg/kg. This range encom- 
passes comparable clinical dosages and sug- 
gests that toxic doses were not a factor. 


Venous burning and pain on injection can 
effectively be alleviated clinically by adding 
lidocaine to diazepam.* In the present re- 
port, IV lidocaine was administered with 
diazepam to evaluate any protective histo- 
logic effects it might provide. Lidocaine 
alone produced no pathology. Combining 
the 2 drugs, however, offered no histologic 
protection against intravascular injury. This 
implies that although clinical discomfort 
may be relieved by this technic, its true 
efficacy needs reevaluation. 


It has also been clinically observed that 
injection pain may be lessened or abolished 
by diluting diazepam with the patient's 
blood® or with normal saline.*+ In our 
study, diazepam was diluted 100-fold before 
infusion in some animals. Although slightly 
improved, vascular histology still demon- 
strated pronounced interstitial inflammatory 
responses suggesting that, on a cellular 
level, this is not an optimal method of pro- 
tection of vascular integrity. 


The mechanism responsible for vascular 
damage following IV diazepam remains un- 
clear. Previous investigators have suggested 
it may involve precipitated diazepam crys- 
tals in IV solutions or plasma® and that this 
may be avoided by using various flushes 
of saline or anti-inflammatory agents.'* No 
reports, however, have appeared document- 
ing tissue crystals, and Langdon, in a fol- 
low-up of his original series, reported no 
clinically palliative effects of hydrocortisone 
or heparin flushes. In the present report, 
examination of slides with polarized light 
did not reveal any evidence of tissue crys- 
tals. 


Other potential factors in the etiology of 
the vascular response to IV diazepam in- 
clude the vehicle, pH (6.6), and hyperton- 
icity, although these are unlikely.’ In this 
respect, 2 major vehicles were evaluated in 
the rat model. As presented, IV infusion 
of both benzyl alcohol and propylene glycol 
resulted in an intermediate inflammatory 
response, suggesting that they may play a 
role in the observed tissue injury. Because 


annee 


*Katz LE, Katz RL: Unpublished observation. 


+Graham CW, Pagano R, Katz RL: Unpublished ob- 
servation. 
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these agents are added to diazepam to in- 
crease its water solubility,!? evaluation of 
a new water-soluble diazepam relative lack- 
ing these vehicles may help clarify their 
specific role in the pathogenesis of vascular 
injury. Furthermore, the high membrane 
solubility of diazepam? and the electron 
microscopic data following intra-arterial di- 
azepam suggest the mechanism's site of in- 
jury is the endothelial cell. The uptake and 
distribution of radio-labeled diazepam by 
vascular-wall endothelium may help eluci- 
date this question. Further studies along 
both these lines are in progress. 


In summary, a rat model has been utilized 
to demonstrate that an acute inflammatory 
vascular response occurs after intravenous 
diazepam regardless of its dilution by saline 


; T - or presence of lidocaine. While the exact 


. mechanism is unclear, it would appear that 


the diazepam vehicle plays a role in the 
po pathogenesis of this inflammatory response. 
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AUTOTRANSFUSION. Problems related to homologous blood transfusions have stimu- 
lated interest in autotransfusion. Two units of whole blood were removed from 25 
patients just before cardiopulmonary bypass and then reinfused at the conclusion of 
bypass. Compared with 25 matched controls there was no difference between groups 
with respect to postoperative bleeding, need for homologous blood or platelet counts. 
In the absence of significant alterations in coagulation mechanisms during bypass 
almost the entire blood loss is related to surgical bleeding. Thus it is not surprising that 
autologous blood transfusion was of no detectable value. (Sherman MM, Dobnek DR, 
Dennis RC et al: Autologous blood transfusion during cardiopulmonary bypass. Chest 
76:592-595, 1976) 
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In exploring new modalities to control or amel- 
iorate unbearable intractable pain associated 
with invasive cancer, the authors studied the 
effectiveness and safety of a new method in- 
volving the destruction of the pituitary by in- 
jection of absolute alcohol into the gland. Of 
a series of 24 patients undergoing pituitary 
adenolysis for control of cancer pain, 13 pa- 


HE departmental Pain Clinic at the Uni- 

versity of Alabama in Birmingham has 
been in operation for 7 years. Its functions 
predominantly involve the administration 
of peripheral, regional, and autonomic nerve 
blocks to patients presenting with a variety 
of painful disorders. While satisfactory re- 
lief has been provided in most instances, the 
clinic has not infrequently failed to achieve 
the desired pain control in patients suffer- 
ing from advanced cancer with or without 
metastasis. This condition is often associ- 
ated with diffuse pain which may be so in- 
tense that it is unbearable and becomes the 
leading subjective symptom in the clinical 
course of the disease. 


tients experienced complete and lasting relief 
and 10 showed significant improvement. The 
authors hope that the encouraging results ob- 
tained in this preliminary study will stimulate 
other investigators also to employ the trans- 
nasal, transphenoidal approach to  alcohol- 
induced hypophysectomy for the control of in- 
tractable pain due to advanced cancer. 


When employing peripheral and regional 
blocks, it is not uncommon that after one 
succeeds in controlling the most dominant 
pain in one region, the patient subsequently 
experiences pain, equally severe and un- 
bearable, in another area, which forces one 
to literally “run after pain" in performing 
one block after another. On the other hand, 
in order to obtain pain relief with narcotic 
analgesics, it is often necessary to steadily 
increase the dose of the narcotic until toler- 
ance becomes a serious and sometimes in- 
surmountable problem. 


In exploring new approaches for the treat- 
ment of patients suffering from intractable 
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cancer pain, we became aware of a method, 
introduced by Moricca,! which involves de- 
struction of the pituitary by injection of 
absolute alcohol into the gland, and which 
seemed to us worthy of further study. 


BACKGROUND 


Luft and Olivecrona? were the first to ob- 
serve that surgical hypophysectomy may re- 
sult in regression of hormone-dependent tu- 
mors and that it may be accompanied by 
disappearance of pain. Subsequent to this 
discovery, there was a rapidly increasing 
recognition of the value and efficacy of pitu- 
itary surgery in palliation of widespread 
malignancies; this stimulated not only the 
development of various approaches to gain 
access to the sella but also to try different 
methods of ablation of the hypophysis. 


The transnasal, transphenoidal route is 
now favored by most surgeons in preference 
to the transcranial as an approach to the 
sella? Surgical excision of the pituitary is 
still generally considered the most reliable 
approach to ablation of the gland, all non- 
excisional methods, including radiotherapy, 
ultrasound, electrocoagulation, cryosurgery, 
and external irradiation, suffering from the 
possibility of incomplete ablation. We be- 
lieve, however, that alcohol-induced pitui- 
tary adenolysis can offer distinct advantages 
over surgical ablation of the hypophysis and 
may be superior to cryosurgery in the relief 
of pain in patients with invasive carcinoma. 


THE PROCEDURE 


The patient is admitted to the hospital on 
the evening prior to the procedure, is in- 
formed of the technical details of the pro- 
cedure, and, in particular, is made fully 
aware of possible complications and hazards 
associated with the destruction of the gland. 
An informed consent is obtained. 


Preanesthetic medication, administered 
IM one-half hour before the procedure, con- 
sists of Innovar? (1 to 2 ml) combined with 
atropine or scopolamine (0.2 to 0.4 mg). 
Under neuroleptanesthesia using Innovar- 
N.,O-O,, combined with pancuronium bro- 
mide for immobilization, an orotracheal 
tube is inserted to insure an adequate air- 
way. The patient is placed supine on the 
x-ray table, with the head resting upon a 
radiotransparent support and slightly hyper- 
extended to allow advancement of the nee- 
dle almost perpendicularly to the table. The 
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nasopharynx is previously packed with tam- 
pon soaked in antiseptic solution. 


A 16-gauge, 14-cm stainless-steel needle 
containing a stylet to prevent clogging by 
blood clots or bone fragments is inserted 
through the left or right nostril, close to the 
nasal septum. Stepwise advancement of the 
needle through the sphenoid bone and the 
floor of the sella is accomplished by gently 
hammering on the hub of the needle (fig 1). 
The progression of the needle is carefully 
followed and checked by biplane fluoroscopy 
until the needle tip has reached its final 
position in the center of the sella and pre- 
cisely in the midline (fig 2, 3). 


A 2-ml syringe filled with absolute alco- 
hol is attached to the needle hub (fig 4) 
and the alcohol is injected at 0.1-ml to 0.3-ml 
increments over a period of 3 to 5 minutes. 
Throughout the injection, the pupils are 
continuously checked with a light source 
to detect pupil abnormalities. The amount 
of absolute alcohol injected ranges from 1 
to 2 ml, depending on the size of the sella. 


After completion of the alcohol injection, 
the stylet is reinserted and the needle with- 
drawn. A sterile gauze pack soaked with 
an antiseptic solution is placed into the 
nasal cavity and is left there if needed for 
control of bleeding and protection against 
infection. As a rule, the patient awakens 
within 5 minutes after discontinuing N.O 
administration and is free of pain. 


RESULTS 


Preliminary results in 24 patients who 
underwent adenolysis for control of unbear- 
able cancer pain are summarized in table 1. 
One patient, a 55-year-old woman with 
breast cancer and bone metastasis, failed to 
respond to the procedure. Ten patients 
showed significant improvement and were 
able to effectively control their painful dis- 
order with nonnarcotic analgesics. Thirteen 
of the 24 patients experienced complete and 
lasting pain relief. 


It is particularly noteworthy that 3 pa- 
tients with advanced carcinoma of the cer- 
vix and 1 patient with primary cancer of the 
liver, all responded with complete relief of 
pain although their cancerous growth was 
not hormone dependent, 


Two patients received a 2nd alcohol in- 
jection. The first, a 39-year-old woman with 
advanced cancer of the cervix and metastasis 
to the pelvis and lower extremities, had 
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Fic 1. Insertion of 16-gauge, 14-cm stainless-steel 
needle through the nostril with its tip in close 
proximity but not in direct contact with the midline 
structures. Under continuous biplane fluoroscopy, 
stepwise advancement of the needle through the 
sphenoid bone and the floor of the sella 1s accom- 
plished by gently hammering on the hub of the 
needle. 





Fig 2. Tip of needle (lateral view) in center of 
sella turcica in 39-year-old patient with cancer of 
cervix with metastasis to pelvis and right leg. 
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Fic 3. Anteroposterior view confirms position of 
tip of needle (in figure 2) to be precisely in midline. 








Fic 4. Absolute-alcohol-filled 2-ml syringe at- 
tached to needle; alcohol is injected at 0.1-ml 
to 0.3-ml increments over 3 to 5 minutes. Through- 
out injection, pupils are checked with a light source 
to detect minute changes in size. 
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TABLE ] 


Adenolysis for Control of Unbearable Cancer Pain Conducted in 
24 Patients Since May 1976 
———M— — ÓÀ—ÁÀ 











Sex Resuit 
Number of PUEDE MN D Eee 
potients Diagnosis Female Male change Improvement relief 

14 Cancer of breast 13 1 1 5 8 

3 Cancer of prostate Bm 3 nd 3 Bate 

4 Cancer of cervix 4 a ne 1 3 

1 Cancer of uterus 1 — — — 1 

1 Cancer of lung 1 iis sa 1 p 

1 Primary cancer of liver — 1 — — 1 
Total 24 19 5 1 10 13 


complete pain relief for 5 weeks following 
the Ist injection, after which pain gradu- 
. ally returned, requiring increasing dosage 

. of narcotic analgesics for pain control. The 
2nd alcohol injection was followed by im- 
mediate and lasting relief. The other pa- 
tient, a 49-year-old woman with cancer of 
the breast and metastasis to the spine, had 
failed to respond to the 1st alcohol injection. 
A week later, a 2nd adenolysis resulted in 
complete disappearance of her pain. After 
discharge, she developed changes in person- 
ality probably due to drug withdrawal and 
pneumonia and died of multiple metastases 
2 weeks later. Sections of her pituitary 
gland are shown in figures 5 to 8. 


A 24-year-old patient with unbearable 
back and left leg pain from invasive carci- 
noma of the cervix complained also of pain 
and tenderness in her right leg due to acute 
thrombophlebitis. After adenolysis, this pa- 
tient had complete relief of the cancer-in- 
duced back and leg pain, but continued to 
experience pain and tenderness in the right 
leg. 


CONSEQUENCES AND 
COMPLICATIONS 


Moricca! reported as consequences of the 
procedure diabetes insipidus, hypoadrenal- 
ism, hypothyroidism, and lowering of libido. 
These are closely and directly linked to in- 
activation of the pituitary gland, occur in- 
frequently, and are usually self-limited. 
With the exception of symptoms of diabetes 
insipidus, no clinical symptoms of hypo- 
pituitarism developed in our series obviat- 
ing the need for substitutional therapy. 


In an effort to correlate the extent of the 


destruction of the hypophysis with changes 
in hormonal function, plasma levels of cor- 
tisol and prolactin were determined in 4 
patients before and after adenolysis. While 
there was a significant reduction of both 
hormones after the procedure, the series was 
too small to warrant conclusions. Frequent 
determinations of hormone levels may be a 
reliable means for more objectively deter- 
mining whether a patient is in need of sub- 
stitutional hormone therapy. 


Bleeding from the gland is an intraopera- 
tive complication, described by Moricca. It 
was encountered in our series, once without 
significant sequelae. If this occurs, the 
needle is occluded until bleeding has 
stopped, no alcohol is injected, and the pro- 
cedure is rescheduled for a week later. 


Ocular changes may herald involvement 
of structures situated immediately adjacent 
to the sella, which may be affected if alcohol 
leaves the confines of the sella, as may be 
the case with a too-rapid alcohol injection. 
This complication was encountered in a 
26-year-old patient with advanced cancer of 
the cervix. After completion of the injection 
of 1.8 ml of absolute alcohol, ptosis and 
mydriasis occurred on the right side. These 
ocular symptoms persisted through the re- 
covery period, gradually subsiding after 14 
days. 


Postoperative complications may include 
headaches, probably due to meningeal irri- 
tation, nosebleed, rhinorrhea, diplopia, hemi- 
anopsia, infection, and CSF leak. Of these 
complications, only nosebleed was observed 
in 1 patient, requiring packing of the nasal 
cavities for 24 hours to achieve effective 
hemostasis. 
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breast cancer with metastasis to 
ior lobe is presented. 
lobe can be identified, 


Fic 5. Photomicrograph of hypophysis of 49-year-old woman with 
spine. Low-power magnification of pituitary. On right, a completely necrotic anter 
On the left, separated by a thin line of atrophic glandular epithelium, the posterior 


showing frankly hypercellular microglial and early glial reaction. 





Fic 6. Midparts of destroyed anterior lobe. The ghostly outlines of the previous cords of pituitary cells 
can still be distinguished against a background of engorged capillaries. The only cells that appear to 
be viable throughout the anterior lobe are endothelial cells in small vessels. There is a border of macro- 
phagic activity and subacute inflammatory reaction around the subcapsular areas, at the level of the lower 


stalk and at the transition between anterior and posterior lobes. 
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Fic 7. Islet of surviving anterior lobe found posteriorly on the right, measuring less than 2 mm in 
its largest diameter. These anterior lobe cells represent well below 5 percent of the normal volume of 


the pituitary gland. There is strong macrophagic reaction originating from the preserved tissue and 
directed towards the necrotic tissue on the right. 





Fig 8. Characteristic groups of squamous cell metaplasia commonly found over the anterior aspect of 
the stalk. These cells have survived the procedure. They are surrounded by necrotic debris and macro- 
phagic reaction of microglial quality and indicate partial damage to the pituitary stalk. 
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DISCUSSION 

Among the institutions which admit suit- 
able patients to the Program of Pituitary 
Adenolysis are the Comprehensive Cancer 
Center of the University of Alabama in Bir- 
mingham and the Oncological Services of 
the Department of Surgery, Internal Medi- 
cine, Gynecology and Therapeutic Radi- 
ology. A prerequisite for admission is that 
the patient is suffering from unbearable pain 
associated with advanced cancer, with or 
without metastasis, and that the patient has 
failed to respond to conventional pain-re- 
lieving methods. 


Prior to being transferred to the Adenoly- 
sis Program, all patients of this series had 
been subjected to a multifaceted attack on 
the neoplastic growth, including radical sur- 
gery, chemotherapy, radiation, hormonal 
manipulation and, in some instances, immu- 
notherapy. Without exception, each patient 
expressed the desire to be pain free for the 
remaining days, weeks, or months of life. 


With regard to the technic of placing and 
safely advancing the needle into the center 
of the sella, it is of utmost importance to 
keep the tip of the needle in close proximity 
to, but not in direct contact with, the mid- 
line structures. This ensures a minimum of 
bony resistance and at the same time 
avoids trauma to vital structures, including 
the laterally located carotid arteries, caver- 
nous sinuses, and extraocular nerves. It 
should be remembered that the carotid ar- 
tery is normally situated within the caver- 
nous sinus lateral to the sella but that the 
vessel may also be located more medial to 
the sella or may even be exposed within the 
sphenoid sinus. The accurate initial place- 
ment of the needle and its proper direction 
toward the center of the sella is radiologi- 
cally confirmed before beginning to advance 
the needle. 
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Preliminary results obtained with the 
alcohol-induced pituitary adenolysis in con- 
trolling cancer pain suggest that there are 
distinct advantages with the use of this tech- 
nic as compared to the surgical approach to 
removal of the gland. In table 2, the two 
technics are compared. Alcohol-induced ade- 
nolysis is a relatively simple procedure: It 
takes 30 to 45 minutes to perform and can 
safely be done in high-risk patients, post- 
operative discomfort is minimal, and pa- 
tient acceptance is excellent. The most im- 
portant advantage over the surgical ap- 
proach is that the procedure can be repeated 
if pain returns. 


Surgical ablation of the hypophysis is a 
major intervention. The procedure is time 
consuming, and may last 2 hours or ionger. 
High-risk terminal patients with minimal 
compensatory reserves may poorly tolerate 
the procedure or may even be unwiliing to 
accept it. Postoperative discomfort may be 
considerable. Most significant is that the 
procedure cannot be repeated if the pain 
returns. 


The assessment as to whether a patient 
had benefited from the procedure and was, 
in fact, free of pain, proved to be a major 
problem in certain patients. While some 
readily admitted that they were, indeed, 
pain free and did not need further medica- 
tion, others were reluctant to accept that 
relief was real and that there was no further 
need of narcotics. Since even among the 
members of the adenolysis team there was 
occasional disagreement as to results, the 
primary physician was involved in the eval- 
uation process and the expertise and experi- 
ence of representatives of the Departments 
of Rehabilitation Medicine, and Psychiatry 
were utilized in the patients' physical and 
mental rehabilitation. 


The mechanism by which instant relief of 


TABLE 2 


Comparing Two Technics of Hypophysectomy Using Transnasal 
Transphenoidal Approach 


Aicohol-induced 





Simple 

Short 

Suitable in high-risk patients 
Postoperative discomfort minimal 


Can be repeated if pain returns 


i ma ere air A LEBER prre tette LPIA AI t 


Surgical 





Aand a ar arie AH eren Pré mira em 


Major and traumatic intervention 
Time-consuming 

Suitability in high-risk patients limited 
Postoperative discomfort considerable 


Cannot be repeated 


Acceptance by terminal patients excellent 
NENNEN mnstaE A AE n rms MEM DEMON MM CEU 


Acceptance by terminal patients poor 
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pain due to advanced cancer is obtained 
subsequent to alcohol-induced hypophysec- 
tomy is, at present, poorly understood. 'That 
the instantaneous and lasting pain relief ob- 
tained in the majority of patients is related 
to an interference with hormonal regulations 
is difficult to accept, since complete pain 
control also has been observed in nonhor- 
mone dependent neoplastic disease. We be- 
lieve it more likely that the prompt disap- 
pearance of pain is related to an interrup- 
tion of pain pathways. Studies involving 
injections of contrast material into the hypo- 
physis of cadavers! suggest that the injected 
fluid can spread easily and to a distance 
from the gland, possibly affecting the hypo- 
thalamus. From the necropsy findings in our 
patient, we are able to confirm the spread 


. . 9f the alcohol beyond the hypophysis, with 
y the necrotic process extending into the base 


of the stalk. Since the stalk is known to 
have a neural connection with the anterior 


a P part of the hypothalamus, it is conceivable 


that these pathways may be affected, which 
in turn may interfere with pain conduction 
or may impair the patient's ability to prop- 
erly interpret pain. 


To draw conclusions from the observation 
that pituitary ablation may result in relief 
of cancer pain but may not interfere with 
pain due to other origins, such as thrombo- 
phlebitis, is not justified, since this observa- 
tion was made in only 1 patient. However, 
if future studies more frequently reveal this 
phenomenon, it may prove of distinct clini- 
cal significance. 


Interference with the hypothalamo-hypo- 
physeal system and its neurosecretory func- 
tion may be a reason for Moricca's observa- 
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tion that pain originating from hormone- 
responsive tumors is more promptly relieved 
than from nonhormone-dependent neo- 
plasms, and that there also seems to be a 
greater tendency toward regression of meta- 
static lesions after alcohol-induced adenoly- 
sis than with surgical hypophysectomy or 
destruction of the pituitary gland by other 
means. In order to provide more objective 
information of the possible therapeutic value 
of alcoholinduced pituitary ablation, it 
might be wise to admit to the Adenolysis 
Program patients at an earlier phase of their 
fatal disease than has heretofore been the 
policy. Such arrangement would give a pa- 
tient with reasonable life expectancy a 
chance to respond with regression of the neo- 
plastic growth, if such a reaction is initi- 
ated by hypophyseal destruction. 


Many questions remain with this new 
approach to control of intractable cancer 
pain. It is hoped that the encouraging re- 
sults obtained in this preliminary study will 
stimulate others to employ this method and 
either confirm or refute these initial impres- 
sions. 
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Particulate and bacterial contamination of IV 
fluids and drugs have been implicated in ve- 
nous thrombosis, infusion phlebitis, suppura- 
tive thrombophlebitis, pyrogenic reactions, and 
systemic sepsis. In a study of the inflamma- 
tory potential of the filterable residue of sodi- 
um cephalothin, we have found a tissue-specific 


I 1s well known that particulates occur in 
IV fluids and drugs.'? Less is known 
about the clinical significance of these par- 
ticles, but there is increasing evidence that 
they may be barmful.^*5 Stewart has im- 
plicated macromolecular residues in the 
penicillins and related compounds in the 
development of allergic reactions to these 
antibiotics. A recent prospective study of 
146 postoperative patients demonstrated 
that the use of in-line final filtration to re- 
move particulates significantly reduced the 
incidence of infusion phlebitis. Earlier 
studies had identified particulates from 
fluids and drugs in foreign-body granulomas 
found in patients who had received high 
volumes of IV fluids.*? 


*Research Preceptee, Anesthesiology. 

+Clinical Instructor in Anesthesia and Surgery. 
tAssociate Professor, College of Pharmacy. 

$ Professor, Department of Pathology. 

|| Professor, College of Pharmacy. 


reaction with venous endothelium but not with 
cutaneous or subcutaneous tissues. In a con- 
trolled animal model, removal of particulates 
from an infusion by use of a 0.45 „ in-line 
membrane filter reduces the incidence and se- 
verity of infusion phlebitis. 


The discovery that particulates derived 
from IV fluids and drugs may cause a spe- 
cific tissue reaction, coupled with the ob- 
servation that filtration reduces the inci- 
dence of infusion phlebitis, led to the pres- 
ent study of the inflammatory potential of 
foreign particulates in parenteral drugs. 
Our study was divided into 2 major parts. 
We first determined the local effect of par- 
ticles from sodium cephalothin* on cutane- 
ous, subcutaneous, and venous tissues in ex- 
perimental animals. We then tested the 
effect of infusion duration and particulate 
concentration on the development of infu- 
sion phlebitis in the dog. 

*Buffered Keflin, Eli Lilly Company, Indianapolis, 
Indiana. 


**Professor and Chairman, Department of Anesthesiology. 


tTUniversity of Kentucky, Lexington. Kentucky 40506. 
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Fic 2. Scanning electron photomicrograph of the 
residue from 2 g sodium cephalothin on the surface 
of a 0.45 ,, membrane filter. The residue is seen to 
be a thin, flakey mass embedded in the filter matrix. 
There are some crystalline-appearing particles in 
the 1 to 10 y range. 


MATERIALS 


Sodium cephalothin was selected as the 
test drug for this study. Particulates in the 
reconstituted drug were collected by passing 
10 g of sodium cephalothin diluted with 40 
ml of 5 percent dextrose in water (D/W), 
according to the manufacturer's directions, 
through a 0.45 „ membrane filter.* This 
high dose of antibiotic was chosen in order 
to load the filter with residue (fig 1 and 2), 
thereby maximizing the chance of obtaining 
a reaction. The resulting filtrate was collect- 


*Millex Disposable Filter Units, Millipore Corpora- 
tion, Bedford, Massachusetts. 
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ed as an essentially particle-free solution of 
sodium cephalothin. 


A concentrated particulate solution was 
prepared by ultrasonicating the particulate- 
laden filter in the presence of 1 ml of 5 per- 
cent D/W. Controls for filters, filtrates, and 
ultrasonicated residues were created by the 
passage of 40 ml of the 5 percent D/W 
through a 0.45 „ filter. 


The infusion for the canine model studies 
was 5 percent dextrose in 0.2 percent saline 
solution with the addition of 20 mEq/L of 
KCI and 2 g/L of sodium cephalothin. This 
commonly used clinical mixture has a high 
particulate count and is essentially particle 
free after passage through a 0.45 , mem- 
brane filter. The infusion was delivered via 
a standard administration set through a 5.7- 
cm, 16-gauge Teflon IV catheter inserted 
percutaneously, after the skin was shaved 
and prepared with iodine, into the long 
saphenous vein of the dog. 


METHODS 


I. Studies in Rabbits: Local Tissue Effects. 


Cutaneous Reactions.—Six of the ceph- 
alothin-residue filters and 6 of the 5 percent 
dextrose-residue filters were sutured, resi- 
due side down, to the buttocks of 3 rabbits 
and 3 rats after shaving and preparation of 
the skin with povidone-iodine. Each animal 
received both a cephalothin and a 5 percent 
dextrose filter (fig 3). After 72 hours, the 
fillers were removed and the underlying 
skin was visually inspected for evidence of 
inflammation. Representative sections of 
the skin underlying the filters were sub- 
mitted for histologic evaluation. 





Subcutaneous Reactions. — Concentrated 





| 


Experimental Control 
filter filter 


Fic 3. Technic of testing for cutaneous reaction. 
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Suspension 
injected 
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Fic 4. Technic of testing for subcutaneous reac- 
tion. 


solutions of particles derived from the ultra- 
sonicated filters of cephalothin and 5 per- 
cent dextrose residues were injected into the 
shaved and iodine-prepared buttocks of 5 
rabbits. Each animal received 0.5 ml of the 
cephalothin particles injected subcutane- 
ously into the left buttock and 0.5 ml of the 
control 5 percent dextrose particles in the 
right (fig 4). Seventy-two hours after injec- 
tion, the animals were inspected for gross 
evidence of inflammation at the injection 
site. The injection sites were then excised 
and submitted for histologic evaluation. 


Venous Reaction.—The venous endothe- 
lial response was evaluated by histologic 
examination of veins excised 24 hours after 
IV administration of the concentrated par- 
ticles or filtrates from cephalothin or 5 per- 
cent dextrose. These solutions were injected 
as a single 1-ml dose for each sample into 
the marginal ear vein of rabbits, again after 
shave and iodine preparation (fig 5). Five 
veins were injected with cephalothin resi- 


Antibiotic l 
solution AP 


3 
sT 
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Residu 





"T m | 152 j 
i 2 b» IV. infusion of 
SI particulate suspension 
e cii or filtrate 


An 


Fic 5. Technic of testing for venous reaction. 
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due; 10 with the 5 percent dextrose residue; 
6 with the dextrose filtrate; and 11 with the 
cephalothin filtrate. 


II. Canine Model of Infusion Phlebitis.-— 
The effect of infusion duration on venous 
endothelium was tested by the administra- 
tion of a constant volume (2000 ml) of the 
unfiltered high-particulate solution of 2 g/L 
of cephalothin, 20 mEq/L of KCl in 0.2 
percent saline into the canine long saphe- 
nous vein over varying time periods. The 
2000 ml was infused over 2 hours in 3 veins; 
4 hours in 12 veins; and 6 hours in 12 veins. 
At the end of the infusion period, each vein 
was dissected from the point of venipunc- 
ture to the sapheno-femoral junction and 
submitted for histologic examination. 


The effect of particulate concentration on 
venous reaction was tested by infusion of 
high (unfiltered) and low (filtered) particu- 
late solutions through the canine long saphe- 
nous vein. The volume and duration of the 
infusion was held constant, with 2000 ml of 
the antibiotic and electrolyte solution being 
infused over 6 hours for each vein studied. 
Fourteen veins with the filtered infusion and 
14 veins with the unfiltered infusion were 
excised and examined histologically for evi- 
dence of intimal edema, medial inflamma- 
tion, and medial necrosis. 


RESULTS 


I. Local Tissue Effects in Rabbits. 


Cutaneous Reaction.—— After 72 hours, 
there was no gross visual evidence of reac- 
tion where either the experimental or con- 
trol filter had been sutured to the skin. The 
histologic sections revealed minimal inflam- 
matory reaction in papillary dermis in both 
the control and experimental groups, but no 
discernible differences between the 2 groups 
could be seen. 


Subcutaneous Reaction. — There was no 
visual evidence of inflammation with either 
the experimental or control solution at the 
subcutaneous sites 24 hours after injection. 
In both groups there was histologic evidence 
of mild inflammation, with rare subepithelial 
histocytes and mast cells, but again there 
was no definable difference between the 
control and experimental sites. 


Venous Reaction.—The histologic charac- 
teristics of the venous reaction seen as the 
result of IV injection of the 4 solutions 
(table 1) showed venous congestion and 
perivenous hemorrhage demonstrating mild 
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TABLE 1 
Histologic Characteristics of Venous Reactions After IV Injection 


t Ó——ÀÓÀ 


Mild reaction 


T ers aa TT a A Mer a aet 


Severe reaction 











Venous Perivenous Vein wall Vein wall 
Number conges- hemor- inflam- Vein wall degenera- Venous 
of veins tion rhage mation necrosis tion thrombosis 
Filtrate 5% dextrose 6 3 O6 33% — — — — 
Residue 5% dextrose 10 Go 80% — 10% — — 
Filtrate sodium cephalothin 11 100% 55% 18% 36% 18% 27% 
Residue sodium cephalothin 5 80% 80% 40% 40% 20% — 


reactions, while vein-wall inflammation, ne- 
crosis, degeneration, or venous thrombosis 
demonstrated severe reactions. The filtrate 
of 5 percent D/W had both the lowest inci- 
dence of identifiable reaction and the mild- 
est reactions. The residue from 5 percent 
D/W yielded a high incidence of mild re- 
actions, but only 1/10 specimens showed 
evidence of severe vein-wall damage. 


The filtrate of sodium cephalothin and the 
residue of sodium cephalothin caused mild 
reactions in a high percentage of the veins 
studied, and a substantial number of speci- 
mens were found to have severe reactions 
with damage to the vein wall. Evidence of 
venous thrombosis was seen only with the 
injections of the sodium cephalothin filtrate. 


II. Canine Model of Infusion Phlebitis.— 
In evaluation of the effects of duration of 
infusion on histology (table 2), intimal ede- 
ma was considered a mild reaction; medial 
inflammation was considered moderate, ne- 
crosis was considered severe. The 2-hour 


infusion showed no evidence of reaction; the 
4-hour showed mild and moderate reaction; 
while only the 6-hour infusion caused any 
severe reactions. The severity of endothelial 
reaction increased with the duration of in- 
fusion. 


When the high- and low-particulate infu- 
sions are compared histologically, the high- 
particulate infusions seem to produce a 
slightly more severe injury (table 3), the 
mild and moderate reactions being seen with 
approximately equal frequency in both. Fo- 
cal medial necrosis, however, as evidence of 
severe vein wall injury, is seen only with 
the high-particulate infusion. 


DISCUSSION 


Recent reports of the dangers inherent in 
contaminated IV solutions have usually em- 
phasized bacterial contamination and the 
risks of sepsis.'?.!^ Particulates are, how- 
ever, another form of contamination which, 
like bacteria, may be introduced during the 


TABLE 2 
Effects of Duration of Infusion 





Mild reaction 





Moderate reaction Severe reaction 








Number Intimal Medial Focal medial 

of veins edema inflammation necrosis 
2-hour infusion 3 — — — 
4-hour infusion 12 16% 33% — 
6-hour infusion 12 15 Go 33% 16% 


TABLE 3 
Comparison of Low-Particulate and High-Particulate Infusions 


Number 
of veins 


Low-particulate infusion 14 


Mild reaction Moderate reaction Severe reaction 





ERE M mnm tartara IP aaa AM 


intimal Media! Focal medial 
edema inflammation necrosis 
43 696 43% cn 


High-particulate infusion 12 15% 33% 17% 
——————— UU 
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manufacture of fluids and drugs, may be 
inherent in the product, or may arise from 
manipulations required in their use. These 
particulates pose their own special problems 
and risks. 


In this study, we have assessed the effect 
of the particulate residue from sodium ceph- 
alothin on specific tissues. There is no iden- 
tifiable reaction seen when concentrated par- 
ticles filtered from sodium cephalothin are 
applied directly to the skin or in jected SC 
into experimental animals. When either so- 
dium cephalothin or its residue is in jected 
IV, however, there is a definite reaction. 


At least 3 questions arise from this ob- 
servation. Is the reaction seen with the resi- 
due simply due to drug retained on the 
filter? The demonstration that residues from 
5 percent D/W produce a higher incidence 
of vein-wall reactions than the filtrate of 5 
percent D/W suggests that both residues 
tested have their own intrinsic inflammatory 
potential. 


Secondly, is there a common agent in the 
reactions seen with the 5 percent D/W resi- 
dues and the sodium cephalothin residues? 
Little is known about the chemical charac- 
teristics or the source of the residues seen 
in parenteral products. Sodium cephalothin 
was chosen as the drug for this pilot project 
because it is a commonly used antibiotic and 
is known to be associated with a high inci- 
dence of infusion phlebitis.!'" However, peni- 
cillin, ampicillin, amphotericin B, carbeni- 
cillin, and many other antibiotics could have 
been selected on the basis of known particu- 
late contamination and the production of 
phlebitis.?.5.! 1 The particulates in parenteral 
drug and fluid preparations should be iden- 
tified and quantitated as part of the assess- 
ment of their potential hazard. 


Thirdly, how do the particulates or drugs 
produce the observed venous reaction? Pos- 
sibly the residues cause a foreign-body re- 
action with subsequent granuloma forma- 
tion, as described by Garvan and Gunner. 
The particulates may also be chemically 
active and conjugate endothelial proteins, 
or may mechanically injure the venous en- 
dothelium. These questions are outside the 
scope of this study but warrant further con- 
sideration. 


The use of the canine model for the study 
of infusion phlebitis outlines a laboratory 
method for investigating a common clinical 
problem. Infusion phlebitis in the past has 
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been variously attributed to the composition 
of the infusion set and IV catheter,® specific 
drugs,'? the pH of infused solution,” infu- 
sion concentrations,!? method of skin prep- 
aration before venipuncture,? and bacterial 
migration? around the site of venipuncture. 
By using the canine model, we feel that we 
have demonstrated that 2 components of 
infusion phlebitis are the duration of infu- 
sion and the particulate load of the infu- 
sion fluid. In-line final filtration in this ca- 
nine model seems to reduce the severity of 
the endothelial reaction to IV infusions. 
This supports previous studies which show 
that final in-line filtration reduces the inci- 
dence of infusion phlebitis.” 14 


In summary, there is ample evidence that 
there is particulate contamination of paren- 
teral fluids and drugs. There is also increas- 
ing evidence that these particulates can be 
harmful. Within the limits of this study, it 
can be seen that the filterable residue of 1 
antibiotic causes a tissue-specific reaction 
with venous endothelium but not with cu- 
taneous or subcutaneous tissues. Finally, in 
a controlled animal model, in-line filtration 
can be shown to decrease the severity of ve- 
nous reaction to IV infusions. 
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Guest Discussion 


RONALD W. DUNBAR, MD 
Department of Anesthesiology 
Emory University Hospital 
Atlanta, Georgia 


It is indeed a pleasure to discuss this 
interesting and thought-provoking paper. 
There has been a great deal published on 
the concept of in-line filtration of IV solu- 
tions. However, to my knowledge very little 
has been published in the anesthesia litera- 
ture involving this final in-line filtration for 
patients receiving IV fluids. 


We need to seriously consider several 
points regarding in-line filtration. It has 
been well documented that particles in IV 
solutions include such things as cellulose, 
glass, particles of rubber, and other foreign 
matter. These particles tend to increase 
markedly as the number of additives to each 
infusion is increased. While no clinical stud- 
ies have proven that these particles are 
harmful to man, there is no question that it 
would be better if they were not allowed 
to enter the patient's circulation. 


Another factor to consider is the increased 
growth of bacteria as the IV catheter re- 
mains in a vein for a prolonged period of 
time. It has been well documented that bac- 
terial growths, possibly resulting in phlebi- 
tis and ultimately in septicemia, may in- 
crease the longer the catheter is left in a 
vein. In fact, after 72 hours, the incidence 
of phlebitis has been reported as high as 
60 percent. 


In a controlled study by these same au- 
thors, the use of in-line filtration with a 0.45 
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i. filter markedly decreased the incidence of 
phlebitis over 72 hours in postoperative pa- 
tients.! However, Collin's group found in- 
line filtration did not affect phlebitis or bac- 
terial contamination,? and that this proce- 
dure was very unpopular with the medical 
staff. 


The positive results supported in Mr. 
Dorris paper may some day result in the 
use of in-line filtration for all patients re- 
ceiving IV fluids. However, to put this in 
perspective, when we consider that over 8 
million people in the United States receive 
IV fluids each year, we have to consider 
that the ideal in-line filter should possess at 
least 4 definite factors: 


l. It should retain bacteria and all par- 
ticles. 


2. It should not interfere with flow rates 
of fluid administration. 


3. It should provide a mechanism to trap 
air without altering flow. 


4. It should be inexpensive and easy to 
use. 


In this light, what do we now have? The 
current 0.45 , filter does retain most parti- 
cles but does not retain some forms of bac- 
teria, such as pseudomonas and E coli over 
a prolonged period of time, ie, several 
hours. With the current filter, there is 
marked interference with flow that is accen- 
tuated as we use such things as albumin or 
plasma, and these filters cannot be used for 
blood. The flow rates are less than we are 
accustomed to with our standard IV can- 
nula. 


The 3rd factor, which I feel is most im- 
portant, is that the filter must be primed cor- 
rectly. Any air bubble that enters into this 
filter will tend to clog the filter and prevent 
passage of the IV solution. When we con- 
sider our use in anesthesia, where there is 
frequently a small air bubble as we admin- 
ister thiopental or other drugs, this would 
make very difficult its use in clinical anes- 
thesia on a day-to-day basis. Also, the filter 
is attached at the IV cannula, and to give 
blood, plasma, etc, it would have to be dis- 
connected, thereby increasing the risk of 
contamination. 


The size of the filter to be used for maxi- 
mal protection should be evaluated. There 
is some evidence that perhaps a 0.2 , filter 
should be used rather than the 0.45 ,, filter. 
Perhaps Mr. Dorris would comment on this. 
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Also, if Mr. Dorris has any information on 
flow rates, problems with air blockage, and 
other problems that may be anticipated with 
clinical usage, I think it would be quite rele- 
vant to this discussion. 


Finally, I would like to again thank Mr. 
Dorris and his colleagues on bringing to the 
attention of anesthesiologists this concept of 
in-line filtration to protect the safety of our 
patients. Perhaps some day such a proce- 
dure will be proved necessary in patient 
care and be part of routine administration 
sets. However, before it will be acceptable 
to practicing anesthesiologists, the many 
technical difficulties associated with its use 
must be solved. 
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RESPONSE TO DR. DUNBAR'S 
COMMENTS 


We thank Dr. Dunbar for his thoughtful 
and thorough discussion of our paper, the 
data in which are part of an ongoing study 
in IV therapy and filtration at the Univer- 
sity of Kentucky. The questions raised by 
Dr. Dunbar are important and we will try 
to answer them in order. 


We agree that particles should not be 
allowed to enter the patient's circulation. 
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There is documented evidence that these 
particles may be harmful.! 


The 0.45 , filter used in the studies pre- 
sented is certainly not the ideal filter that 
Dr. Dunbar has defined for us. We have re- 
cently been testing a new filter that will 
soon be available which meets many of the 
criteria of the ideal filter and on which we 
reported in December 1975.* Briefly, this 
new filter has a 0.22 4, membrane and is 
totally bacteria retentive. It incorporates a 
hydrophobic vent which eliminates the need 
for priming and prevents the air lock that 
has been so frustrating with the 0.45 ,, filter. 
Lactated Ringer's solution will flow through 
this filter at a rate slightly greater than 
1200 ml/hr. Such a filter should be much 
more useful and acceptable than present 
models. 


One problem mentioned by Dr. Dunbar 
has not yet been solved: One cannot use 
these filters with blood or blood products. 
The hazards of the large particulates in 
blood are being dealt with by the wide- 
spread use of blood filters. 


The concept of final in-line filtration is 
new and much more study is needed to de- 
fine its role in clinical medicine. We hope 
that the use of animal models as outlined 
here will be helpful in such studies. 
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Oxygen-Jet Ventilation During Tracheal Reconstruction 
in Patients with Tracheal Stenosis 


ANIS BARAKA, MD* 


Intermittent jets of O; at 60 psi via a small- 
bore (5 mm), cuffed tracheal tube have been 
used with relaxants to ventilate adult patients 
with tracheal stenosis undergoing surgical re- 
section and reconstruction. Before resection, 
the tube was maintained proximal to the sten- 
osis. During resection and reconstruction, the 


[racers stenosis, a serious complica- 
tion, may follow prolonged tracheostomy 
or tracheal intubation. Circumferential re- 
section and primary end-to-end anastomosis 
is considered the ideal method of reconstruc- 
tion of mediastinal tracheal stenosis 1-2 


The present investigation confirms previ- 
ous reports?.: showing that intermittent O, 
jets can be used successfully to ventilate pa- 
tients with tracheal stenosis undergoing re- 
constructive surgery. However, in the pres- 
ent report, jets are flushed via a small-bore 
cuffed tracheal tube, rather than by the 
injector and/or narrow catheters previously 
used, resulting in a higher O. concentration 
with minimal air entrainment. +} 


CASE REPORTS 

The first patient was a 38-year-old woman 
with tetanus. A Portex cuffed tracheotomy 
tube was inserted and the patient was cura- 
rized and kept on IPPV with an Emerson 
respirator for 4 weeks. However, after re- 
moval of the tracheotomy tube, the patient 
developed progressive dyspnea. Tomogra- 
phy revealed stenosis of the trachea 5 cm 
above the carina at the site of the cuff. 





*Baraka A: O, jet ventilation in patients with tra- 
cheal stenosis. Presented at 6th World Congress of 
Anesthesiology, Mexico City, DF, Mexico, 1976, 


tube bypassed the resected gap into the distal 
tracheal segment. The technic allows the sur- 
£eon to mobilize, resect, and reconstruct the 
trachea around the small tube in an unhurried 
manner, and provides adequate ventilation and 
oxygenation throughout the procedure. 


The patient was scheduled for tracheal 
reconstruction. After premedication with 
atropine (0.6 mg) IM, she was oxygenated 
with 100 percent O. for 5 minutes; anesthe- 
sia was then induced with propanidid (500 
mg) followed by succinylcholine (100 mg) 
and was maintained with an IV drip of 1 
percent propanidid and 0.1 percent succinyl- 
choline at a rate of 0.1 ml/kg/min. After 
topical laryngeal spray, she was intubated 
with a long, sterile cuffed tracheal tube 
(5 mm ID), with a Y adapter fitted to the 
proximal end. One sidearm of the adapter 
was connected by high-pressure tubing to 
the piped-in O., delivered at 60 psi, while 
the other arm was kept unoccluded (fig 1). 


The O. concentration delivered from the 
distal end of the tube varied between 65 and 
75 percent, as checked by a gas-O., analyzer 
(Mira Corporation). The tube was intro- 
duced proximal to the stricture, and the pa- 
tient was ventilated via the sidearm of the 
adapter by intermittent jets of O. of 1-sec- 
ond duration at a rate of 10/min, exhaling 
via the unoccluded second arm. The patient 
was placed in the lateral position and a 
right thoracotomy was performed because 
the site of stenosis was too low for a cervical 
incision. After adequate mediastinal mobil- 
ization, the stenotic segment of the trachea 


*Chairman, Department of Anesthesiology, American U niversity of Beirut. Lebanon. 


Paper received: 6/9/76 
Accepted for publication: 8/31 /76 


430 


ANESTHESIA AND ANALGESIA . . 





Fic 1. Setup for O, jet ventilation in patients 
with tracheal stenosis undergoing surgical recon- 
struction. The patient is intubated with the long #5 
orotracheal tube. The sidearm of the Y adapter is 
connected by high pressure tubing to the pipeline 
O, delivered at 60 psi. The O, flow is interrupted 
by the manually operated valve (Blow Gun, Nor- 
gren #17-004-304). 


was excised and the tracheal tube was guid- 
ed into the distal segment of the trachea 
and, for a short period, into the left main 
bronchus. After tracheal reconstruction, the 
small tube was withdrawn above the suture 
line (fig 2). 


Ventilation was maintained throughout 
the procedure by intermittent O, jets until 
end-to-end anastomosis was completed. 
Blood-gas values achieved by O, jet ventila- 
tion before, during, and after tracheal re- 
construction are shown in the table. The 
small tube was then replaced by a £8 oro- 
tracheal tube and anesthesia was maintained 
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by a Boyle III circuit, using N.O-O., supple- 
mented by pancuronium. At the end of the 
procedure, neuromuscular block was re- 
versed and the patient was extubated. Ade- 
quate spontaneous respiration was resumed 
and recovery was uneventful. 


The same technic of O,-jet ventilation 
was used successfully in 2 other adult pa- 
tients with mediastinal tracheal stenosis in- 
cluding thoracotomy which followed pro- 
longed intubation with a cuffed tracheos- 
tomy tube. Both patients also underwent 
surgical tracheal reconstruction. Anesthesia 
was induced, following preoxygenation, by 
IV injection of 2 mg/kg of ketamine and 
100 mg of succinylcholine and was main- 
tained by intermittent ketamine and pancu- 
ronium. Intermittent O,-jet ventilation was 
continued throughout the procedure, and 
the resultant blood-gas changes were moni- 
tored before, during, and after the tracheal 
reconstruction (table). 


DISCUSSION 


Prospective studies predict a 16 to 20 per- 
cent incidence of stenosis following pro- 
longed cuffed-tube intubation. The lesion 
occurs either at the stoma or the site of the 
cuff, the lesion usually involving several 
rings of the trachea. Ulcerations, necrosis, 
and infection may be followed by formation 
of fibrous strictures that usually appear 
within 40 days after tube removal.5-6 


The treatment of tracheal stenosis varies 
from simple transbronchoscopic dilation and 


— € 





Fic 2. Diagram depicting the steps of O, jet ventilation during tracheal reconstruction. (A): The 
orotracheal tube is kept above the stenosis until the stenotic segment is resected. (B): After resection, 
the tube is pushed down into the distal segment of the trachea or (C) into the left main bronchus. 
When end-to-end anastomosis is completed, the tube is pulled above the suture line (D) and can be 


replaced by a normal-sized tube. 





Oxygen Jet Ventilation... Baraka 


431 


TABLE 


Arterial Blood-Gas Values Under O,-Jet Ventilation for 
Tracheal Reconstruction 








(torr) 

Position of tube Paos mn acd Pao» TM inus Paos UE ss 
Above stenosis 430 40 500 42 450 38 
Distal trachea 310 45 270 44 350 45 
Left bronchus 70 62 65 65 70 50 
Above suture line 400 40 430 4] 450 35 


excision to surgical resection and end-to-end 
anastomosis. Circumferential resection and 
primary end-to-end anastomosis is consid- 
ered to be the ideal method of reconstruc- 
tion of mediastinal tracheal stenosis. This is 
made possible by the adequate mobilization 
of mediastinal structures. 


_ Anesthetic management of the patient 
with tracheal stenosis is a challenge to the 
anesthesiologist, who must achieve adequate 
ventilation in the face of the marked inspira- 
tory and expiratory resistance resulting from 
the stenosis.’ Induction of general anesthe- 
sia is usually hazardous. Attempts at intuba- 
tion under local anesthesia through the 
stricture may be risky, since bleeding and 
edema can cause complete obstruction. Also, 
a tube small enough to pass through the 
stricture may not improve the airway be- 
cause the thickness of the tube may en- 
croach on the available stenotic cross-sec- 
tional area.’ 


Different technics, such as hypothermia 
or even cardiopulmonary bypass, have been 
recommended to maintain oxygenation dur- 
ing tracheal resection and reconstruction. 
However, these technics increase the risk 
and duration of anesthesia and operative 
procedures. Intubation of the distal tracheal 
segment or the left main bronchus by a 
Tovell tube, which crosses the operative 
field and is linked by sterile connecting 
tubes to the anesthesia machine, has been 
successful during reconstructive surgery. 
However, distal tracheal intubation can be 
established only after a critical induction of 
inhalational anesthesia, thoracotomy, and 
division of the trachea. Also, the distal tube 
lends to obscure the posterior suture line 
and distort the lower tracheal segment.?.10 


The present report shows that intermit- 
tent O, jets, via a small-bore, cuffed tracheal 
tube, with relaxant technics of anesthesia, 


can be safely used from the start to venti- 
late patients with tracheal stenosis. The 
flow rate through an orifice is proportional 
to the square of the diameter of the orifice 
and the square root of the pressure differ- 
ence.!! Oxygen jets at a pressure of 60 psi 
produce a pressure gradient sufficient to 
achieve an adequate flow rate across the 
stenosis. Before resection, the tube is main- 
tained proximal to the stenosis, and inter- 
mittent jet ventilation via the tube results, 
despite the stenosis, in adequate Pao, (430 
to 500 torr) and Paco, (38 to 42 torr) 
levels. During resection and reconstruction, 
the tube bypasses the resected gap into the 
distal tracheal segment. 


When the distal tracheal stump is short, 
the endotracheal tube can be advanced into 
the left main bronchus. However, bronchial 
intubation and jet ventilation of one lung 
can result in hypoventilation and shunting, 
resulting in low Pao, and high Paco, levels. 
Therefore, patients should have an inspired 
O., concentration as near to 100 percent as 
possible, to avoid hypoxia.!?.!3 The refine- 
ment of temporarily eliminating perfusion 
of the unventilated lung by clamping the 
pulmonary artery (transitory physiologic 
pneumonectomy) might be physiologically 
beneficial and help to diminish the shunt 
effect. 1? 


Intermittent O, jets have been initially 
used to ventilate patients undergoing bron- 
choscopy. Sanders!4 adapted a Venturi in- 
jector attachment to the unoccluded head of 
the bronchoscope. The jet via the injector 
entrains a high flow of room air, which pro- 
vides enough pressure and volume to ven- 
tilate the patient. The principle of O, jets 
via a bronchoscope injector and/or a narrow 
catheter has been applied to ventilate pa- 
tients with tracheal stenosis.?.: However, 
direct O, jets via a small-bore tracheal tube, 
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as opposed to injectors and narrow cath- 
eters, result in higher Pao, levels.'°* In the 
present investigation, jet ventilation via a 
small-bore tracheal tube resulted in a high 
inspired O, concentration ranging from 65 
to 75 percent, and, provided both lungs are 
ventilated, can give Pao, levels as high as 
500 torr. 


The potential problems associated with 
the use of a small-bore, cuffed tracheal tube 
for jet ventilation are mainly related to ex- 
piratory resistance. Harmful sequelae can 
be minimized by ventilation at a slow rate 
(about 10/min) in order to prolong exhala- 
tion time, and by deflating the cuff, if nec- 
essary, to allow exhalation around the tube. 


The principle of O,-jet ventilation can be 
applied successfully to ventilate patients 
with tracheal stenosis whether undergoing 
transbronchoscopic management or surgical 
resection and reconstruction." The technic 
allows the surgeon to mobilize, resect, and 
reconstruct the trachea in an unhurried 
manner. The jet produces a pressure gradi- 
ent sufficient for ventilation and ensures a 
high inspired O, concentration with mini- 
mal air entrainment. 


A mma aaa rie 


*Baraka: op cit supra. 
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5lst Congress Report 


March 6-10, 1977 


Hollywood, Florida 


HE 1977 Congress of the International 

Anesthesia Research Society with more 
than 60 scientific presentations covering the 
many facets of our specialty again were in- 
teresting and educational to our 2000 regis- 
trants. One of these presentations appears 
in this issue. 


The 80 technical and scientific exhibits, 
detailing recent research and the newest 
equipment and drugs were manned by 
knowledgeable individuals always available 
to discuss their research or their products. 


Dr. Arthur C. Guyton, Professor and 
Chairman, Department of Physiology and 
Biophysics, University of Mississippi Medi- 
cal Center, presented the Fifteenth Annual 
Baxter Travenol, T. H. Seldon, M.D., Rec- 
ognition Address entitled “A Composite 
Analysis of Cardiovascular Regulation.” Dr. 
Guyton is internationally recognized as an 
uncommonly gifted teacher and also for his 
many contributions in the fields of physi- 
ology and biophysics. His well-organized 
presentation provided much valuable infor- 
mation in a very clear, concise, and under- 
standable fashion. 


Dr. William K. Hamilton, Professor and 
Chairman, Department of Anesthesia, San 
Francisco Medical Center, University of 
California, presented the Twelfth Annual 
Becton, Dickinson and Company, Oscar 
Schwidetzky Memorial Lecture entitled 
“Pharmacology, Pressures and People.” 


Our registrants aware of Dr. Hamilton’s 
respected reputation and anticipating an 
interesting presentation filled the lecture 
hall. They were well rewarded by Dr. 
Hamilton's scholarly presentation. 


Again prizes were awarded to the three 
most informative scientific exhibits. 


First place—Bupivacaine Experiences in 
11,080 Surgical and Obstetrical Patients, 
Daniel C. Moore, M.D., and Associates, 
Mason Clinic, Seattle, Washington. 


Second place—A New In-Vivo Acid-Base 
Diagram: An Interactive Exhibit Employing 
Computer Graphics, Alan W. Grogono, 
M.D., and Associates, Upstate Medical Cen- 
ter, Syracuse, New York. 


Third place — Precise Plasma Heparin 
Measurement and Antagonism for Open- 
Heart Surgery, Jerry A. Cohen. M.D.. and 
Associates, Emory University. Atlanta, Geor- 
gia. 


The Sunday evening social hour, and 
the 'coke and coffee' breaks during the sci- 
entific sessions again provided opportuni- 
ties to renew old friendships, make new 
friends, and discuss mutually interesting 
subjects. 


During this Congress, Dr. T. H. Seldon 
concluded 23 years as Editor of Anesthesia 
and Analgesia . . . Current Researches. Dr. 
Nicholas M. Greene, Yale University Medi- 
cal Center, New Haven, Connecticut, has 
succeeded Dr. Seldon as Editor in Chief 
and he will be supported by a strong edi- 
torial staff. 


The 52nd Congress will be held March 
19-23, 1978, in the San Francisco Hilton 
Hotel, San Francisco, California. Titles and 
abstracts of papers to be considered for pre- 
sentation must be in the hands of the Pro- 
gram Committee no later than August 5, 
1977. 


Abstract forms will be available May 1, 


1977, from John T. Martin, M.D., Chair-  — 


man, Program Committee, Medical College 
of Ohio at Toledo, C. S. 10008, Toledo, Ohio 
43699. 
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Dr. Arthur C. Guyton was the Fifteenth Annual Baxter 'Travenol, 
| T. H. Seldon, M.D., Recognition Lecturer. His presentation was 
E L oe | entitled: “A Composite Analysis of Cardiovascular Regulation.” 


FLORIDA ERE 


Dr. William K. Hamilton was the Twelfth Annual Becton, Dickin- 
son and Company Oscar Schwidetzky Memorial Lecturer. His 
presentation was entitled: “Pharmacology, Pressures and People.” 








During the Congress, Dr. B. B. Sankey, Executive Dr. Nicholas M. Greene (left) has assumed the 
Secretary of the Society, presented a plaque to Dr. — Editorship of Anesthesia and Analgesia . . . Current 
Seldon for his 23 years as Editor of the Journal. Researches. 
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First Prize Award. "Bupivacaine Experiences in 11,080 Surgical and Obstetrical Patients." Daniel C. 
Moore, M.D., and Associates. 





Second Prize Award. “A New In-Vivo Acid-Base 
Diagram: An Interactive Exhibit Employing Com- 
puter Graphics" Alan W. Grogono, M.D., and 
Associates. 





Third Prize Award. “Precise Plasma Heparin 
Measurement and Antagonism for Open-Heart Sur- 
gery," Jerry A. Cohen, M.D., and Associates. 


D ANALGESIA . . . Current Researches Vor. 56, No. 3, MAY-JUNE, 1977 





ANESTHESIA A 


Sunday afternoon was a busy 
day for registration and socializ- 
ing with old and new friends. 








Coffee and coke breaks provided time to visit the scientific and technical exh 
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The International Anesthesia Research Society acknowledges with thanks the partici- 
pation of the following companies in the exhibit section of our meeting: 
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Case History Number 96 


Reflex Sympathetic Dystrophy In a 6-Year-Old: Successful 
Treatment by Transcutaneous Nerve Stimulation 
R. J. STILZ, MD* 


H. CARRON, MD} 
D. B. SANDERS, MD} 


Charlottesville, Virginia§ 


Rax sympathetic dystrophy, while 
not an uncommon disease itself, is 
rare in children. The youngest previously 
reported case was that of a 10-year-old." 
This is a report of the syndrome in a 6-year- 
old girl successfully treated with transcu- 
taneous nerve stimulation. 


This otherwise healthy child suffered a 
traction. injury to her right sciatic nerve. 
Within 24 hours after the accident, she com- 
plained of well-localized pain in the right 
knee and reported that the area was ex- 
quisitely sensitive to touch. Another well- 
localized sensitive area developed on the 
plantar surface of the right foot; this be- 
came so severe over the next 2 days that 
she was unable to bear weight, necessitating 
the use of crutches. The mother noted that 
very light touch to either of the areas would 
awaken the child from a sound sleep. Occa- 
sionally, the right leg was observed by the 
mother to be swollen, blue, and blotchy. 
This tended to occur after painful stimuli, 
such as attempts at walking. 'The condition 
persisted unchanged to the time of admis- 
sion, 3 months after her initial injury. 


Admittance examination revealed the 
right leg to be slightly swollen and dusky, 
cooler to palpation, and smaller in girth 
than the left, measuring 1 cm less at the 
thigh and 3 cm less at the calf. There was a 
well-localized reproducible area of hyper- 


*Resident in Anesthesiology. 
+Professor of Anesthesiology; Director, Pain Clinic. 


tAssistant Professor of Neurology. 


esthesia over the right knee and the plantar 
surface of the right foot. Light touch to 
these areas resulted in pain of a burning 
nature. It was difficult to assess muscle 
strength in the right leg because of antici- 
pated pain. Gait was marked by complete 
resistance to weight-bearing on the right 
foot, and movement was accomplished by 
hopping on the left leg or with the aid of 
crutches. 


The complete blood count and the sedi- 
mentation rate were normal and x-rays of 
the leg were unremarkable. Nerve conduc- 
tion velocity in both tibial nerves was nor- 
mal, but the electromyogram revealed mild 
to moderate acute denervation in the right 
gastrocnemius and biceps femoris, compati- 
ble with a lesion of the sciatic nerve proxi- 
mal to the midthigh. 


The patient was referred to the Pain 
Clinic, where thermistor measurement of 
skin temperatures showed the right leg to be 
14? C cooler on the anterior thigh, 0.4? C 
warmer in the midcalf, and 2.5? C cooler 
on the dorsum of the foot than the left. 
These findings were substantiated by ther- 
mograms, which demonstrated areas of de- 
creased temperature in the right leg, par- 
ticularly at the level of the knee (fig 1). 


On the basis of clinical findings, the pres- 
ence of positive thermography and tempera- 
ture differentials, and absence of evidence 


&University of Virginia Medical Center, Charlottesville, Virginia 22902. 


This feature conducted by David E. Longnecker, M.D., Contributing Editor, Department of Anesthesi- 
ology, University of Virginia Medical Center, Charlottesville, Virginia 22902. 
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Fie 1. A (eft); B (right). Thermograms in supine (left) and prone (right) positions before treatment 


with the stimulator, exhibiting areas of decreased temperature. Paperclip marks the right (affected) leg. 


of infection or fracture, a presumptive diag- 
nosis of reflex sympathetic dystrophy was 
made. A neurolytic lumbar sympathetic 
block under general anesthesia (because of 
the patient’s age) was recommended, but 
the parents were reluctant to have this per- 
formed. Therefore, it was decided to initiate 
a trial of transcutaneous nerve stimulation, 
using a Neuromod Transcutaneous Nerve 
Stimulator, Model #3700 (Medtronic). 


Electrodes were arbitrarily placed over 
the right femoral triangle and the dorsum 
of the right foot. The frequency of stimula- 
tion was set at 90 Hz and the current at 2.5 
ma, at which point a tingling but not pain- 
ful sensation was noted by the patient. 
Later, these settings were changed to 50 Hz 
and 3.5 ma, which produced better pain 
relief. Within 24 hours after initiation of the 
stimulation, definite improvement in color 
and reduced hyperesthesia were noted, al- 
though repeat thermograms at 24 hours 
were essentially unchanged. 


The patient was then discharged from the 
hospital and was instructed to use the stim- 
ulator continuously at home: she was also 
strongly urged to bear weight on the foot. 


There was little subjective change in symp- 
toms over the next 3 days, but late on the 
4th day, the patient began to experience 
significant relief of pain. On awakening on 
the 5th day following institution of stimula- 
tion, she was pain free and able to walk on 
the foot without discomfort. The stimulation 
was continued over the next week and then 
discontinued by the mother. 


The patient returned to the Pain Clinic 
2 weeks after her initial visit. At that time 
there were no complaints of pain and no 
findings of hyperesthesia, edema, or cyano- 
sis of the right leg. There was minimal limp 
on the right side, but she bore body weight 
without complaint. Skin temperature was 
equal in both legs, and thermography re- 
vealed no difference between the extremi- 
ties (fig 2). She was still pain free 1 month 
after discontinuing treatment, but unfor- 
tunately has been lost to further follow-up. 


DISCUSSION 


The term reflex sympathetic dystrophy 
was first introduced in 1947 by Evans, al- 
though many other terms have been applied 
to this symptom complex since Mitchell's 
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Fie 2. A (left): B right). Repeat thermograms after sti 
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mulation in the supine deft) and prone (right) 


positions. There is essentially no difference in temperature between the legs. Paperclip again marks right 


leg. 


original (1864) description of causalgia.? 
The incidence of reflex sympathetic dystro- 
phy is not well documented. In a 2-year 
period at the University of Virginia Pain 
Clinic, 133 patients were seen with a diag- 
nosis of reflex sympathetic dystrophy out of 
1463 total patients. This, of course, is a 
much higher incidence than would be an- 
ticipated outside of this highly specialized 
setting. Precipitating factors include: frac- 
tures, lacerations, soft-tissue trauma, opera- 
tions, dislocations, infections, spinal anes- 
thesia, frostbite, and phlebitis; Many au- 
thors point out that the initial injury is 
often relatively insignificant.^? At present 
the pathogenesis is poorly understood. 


A diagnosis of reflex sympathetic dystro- 
phy is based on a constellation of symptoms, 
including persistent generalized burning 
pain i dysesthesia) , edema, radiographic evi- 
dence of demineralization in chronic states, 
cyanosis, hyperhidrosis, and extreme hyper- 
esthesia to light touch.’ The only findings 
that all patients share are the characteristic 
dysesthesia and hyperesthesia. Besides clin- 
ical observations, the diagnosis is usually 
substantiated by thermistor measurements 
of skin temperature and thermography. 


'The time course from the initial event is 
important. in predicting symptoms and prog- 
nosis of the syndrome. Drucker and associ- 
atest characterized the course of the syn- 
drome as progressing in 3 stages: In stage I, 
pain may start immediately or not until 
several weeks after injury. Changes at this 
time include an increase in dermal blood 
flow, hyperthermia, edema, increased growth 
of hair, increased nail growth, hyperhidro- 
sis, and muscle atrophy. In stage II, which 
occurs after about 3 montbs, dystrophy be- 
comes prominent, with cool, gray, cyanotic 
skin, brittle nails, and diffuse rarefaction of 
bone. In stage III, these changes become 
irreversible, and there may be spread of 
the pain proximally in the limb involved. 


'Treatment usually consists of sympathetic 
interruption (either by sympathetic block 
or sympathectomy) along with early mo- 
bilization of the affected extremity. Where 
periarticular and other trophic changes have 
occurred, prolonged physical therapy may 
be required to restore full function. 


Electrical stimulation for the relief of 
pain has been advocated from the late 1800s. 
However, it fell into disrepute for a time 
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and it was not until the gate control theory 
of pain was introduced by Melzack and 
Wall? that interest in this mode of therapy 
was rekindled. Over the last few years, it 
has been used in a variety of pain states, 
by a variety of technics (dorsal column 
stimulation, skin electrodes, implanted elec- 
trodes), with varying degrees of success. 
Loeser's group,!" in a series of patients treat- 
ed with transcutaneous nerve stimulators, 
reported 13 patients with causalgia, 9 of 
whom had initial relief of pain, although 
only 2 of the 9 had long-term relief. Shealy 
and Maurer!! described treatment of pain, 
including causalgia, by stimulation. In all 
patients studied, they reported an incidence 
of 25 percent complete and 60 percent par- 
tial relief of chronic pain, but statistics for 
causalgia alone are not available. Meyer 
and Fields!? reported a series of 8 patients 
who were treated for causalgia with trans- 
cutaneous nerve stimulation; 6 of these re- 
ported relief for varying periods of time 
after discontinuation of the stimulator. Un- 
fortunatelv, in their series, stimulation was 
continued for only 2 or 3 minutes and there 
was no long-term follow-up. Melzack!? re- 
ported 2 patients with causalgia who had 
variable periods of relief following brief, 
intense transcutaneous stimulation. 


Protocols for the use of the stimulator 
have varied considerably. Usually the pa- 
tient adjusts electrode placement and volt- 
age in order to obtain the most effective 
pain relief. Meyer!? claims that stimulation 
is most effective if applied over the dam- 
aged nerves. Stimulation has been employed 
for periods ranging from 2 minutes to con- 
tinuous use for days. The stimulators are 
usually quite safe if properly applied. Pos- 
sible complications include local irritation 
or dermatitis in the area of skin underlying 
the electrodes, unpleasant sensations, and 
possible psychologic dependence. Other more 
serious complications include possible inter- 
ference with some demand pacemakers, la- 
ryngeal spasm if the electrodes are placed 
across the neck or in the mouth, and brady- 
cardia when applied over the carotid sin- 
uses, especially in patients with known hy- 
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persensitive sinus reflexes. The mechanism 
of action of the stimulator is not well known 
at this time. 


The impressive therapeutic response to 
transcutaneous stimulation in our patient 
suggests its continued evaluation as an alter- 
native form of therapy for reflex sympa- 
thetic dystrophy. A protocol has been estab- 
lished in the Pain Clinic at the University 
of Virginia Medical Center to study the 
efficacy of this therapeutic modality in simi- 
lar patients. 
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Comment 
DAVID E. LONGNECKER, MD 


The management of pain remains a baffling and often frustrating experience 
for most physicians. The difficulty may lie in the relative lack of scientific basis 


for much of what is done to treat chronic pain. 


While tremendous advances have 


occurred in nearly all branches of medicine during the twentieth century, real 
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advances in the management of chronic pain have been rare. To a great extent, 
the therapy for chronic pain has remained a vague, poorly documented and essen- 
tially empirical science. The important work of Melzack and Wall, cited by Dr. 
Stilz, provided at least a working hypothesis as a basis for future therapeutic 
trials in pain management. 


In the present case, Dr. Stilz’s group described the use of transcutaneous stimu- 
lation to relieve the pain of reflex sympathetic dystrophy in a young child. The 
results achieved with this technic were dramatic and provide additional support 
for the “gate control theory” of pain transmission. Dr. Melzack’s discussion high- 
lights the scientific basis for the use of repetitive sympathetic nerve blocks and 
of transcutaneous stimulation for the management of this problem. 


Hopefully, the combination of clinical inventiveness founded on basic theories 
of pain transmission, as evidenced in this report, will result in increased under- 
standing of chronic pain and improved therapy in patients suffering from these 
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most perplexing syndromes. 
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Guest Discussion 


RONALD MELZACK, PhD 
Department of Psychology 
McGill University 
Montreal, Quebec, Canada 


This fascinating case history raises 2 basic 
questions. First, what are the causes of 
reflex sympathetic dystrophy? How can 
relatively minor injuries produce such ter- 
rible effects as those observed in this young 
girl? 'The excruciating pain and the dramat- 
ic changes in the skin, vasculature, and gait 
are vastly out of proportion to the extent of 
the injury. Second, how can we account for 
the remarkable effectiveness of transcutane- 
ous nerve stimulation in relieving the pain 
and all the other accompanying symptoms? 
There are no direct answers for these ques- 
tions, but we now know enough about pain 
to speculate about the possible mechanisms 
that underlie the syndrome and its relief by 
transcutaneous stimulation. 


Livingston! has provided a reasonable hy- 
pothesis of the causes of reflex sympathetic 
dystrophy. He proposed that some kinds of 
injuries, even seemingly trivial ones, may 
trigger abnormal reverberatory activity in 
internuncial neuron pools of the spinal cord. 
The reverberatory activity projects volleys 
of nerve impulses to brain areas that sub- 
serve pain perception, and thereby produces 
hyperesthesia and hyperalgesia. Moreover, 
the reverberatory activity may rapidly re- 
cruit additional spinal neurons and spread 
to the lateral horns, which would produce 
abnormal autonomic activity. The resultant 
vasomotor and sudomotor effects would pro- 
duce the kinds of thermal and other skin 


changes described in this case, and these in 
turn would provide a further input that 
maintains the abnormal reverberatory activ- 
ity. Thus, a “vicious circle” is created which 
is self-perpetuating, may spread up and 
down the neuraxis to involve more parts of 
the body, and may persist long after the 
initial injury has healed. 


The purpose of therapy, Livingston sug- 
gested, should be to “break the vicious cir- 
cle.’ He proposed one method which is 
often effective: a succession of local anes- 
thetic blocks into the sensitive areas, which 
would decrease the input and block the ab- 
normal reverberatory activity. One or two 
blocks may fail to have an effect; but a suc- 
cession of blocks, perhaps 8 or 10, could 
“break the cycle.” 


The method used by Stilz could, conceiv- 
ably, produce the same effect. ‘Transcuta- 
neous electrical stimulation, at intensities 
that produce a tingling feeling, would acti- 
vate small (A-delta and C) as well as large 
(A-beta) fibers. The large fiber input, ac- 
cording to the gate control theory," would 
have the effect of “closing the gate” (dimin- 
ishing the input) which could block the re- 
verberatory activity. However, there is an 
additional plausible mechanism.? We now 
know that small-fiber inputs activate areas 
in the brainstem-—particularly the ventral 
central grey and dorsal raphe nucleus— 
which exert a powerful inhibitory effect on 
inputs transmitted through the dorsal horns. 
These areas, when electrically stimulated, 
block transmission in several laminae in the 
dorsal horns and produce a profound be- 
havioral analgesia. Moreover, it is now 
known that these areas are activated by 


Case History No. 96 


morphine and even produce endogenous 
morphine-like compounds.4 It is conceiv- 
able, then, that transcutaneous nerve stimu- 
lation would activate these brainstem areas 
which would then produce a descending in- 
hibitory effect on the abnormal reverbera- 
tory neuron loops. In this way, the vicious 
circle is broken, pain is diminished, and the 
autonomic and motor effects are decreased. 
Moreover, because the pain is diminished, 
the patient assumes a normal gait and be- 
comes more active physically. The resultant 
normal input into the dorsal horns would 
tend to prevent the resumption of the abnor- 
mal reverberatory activity. 


Now, why should the pain disappear only 
after a relatively large number of blocks or 
several weeks of transcutaneous stimulation? 
The gate control theory proposes that pain 
occurs when the number of nerve impulses 
arriving at the brain exceeds a critical level. 
It is possible, then, that single local anes- 
thetic blocks or periods of electrical stimu- 
lation may decrease the number of neurons 
involved in the abnormal reverberatory ac- 
tivity, but not below the critical level. How- 
ever, each successive block or stimulation 
period could “whittle down” the number of 
active spinal neurons. These neurons would 
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include not only those in the dorsal horns 
that project pain signals but also those in 
the lateral horns that underlie the abnormal 
autonomic outputs. Thus, when the abnor- 
mal spinal activity is reduced below a criti- 
cal level, both the pain and the abnormal 
autonomic activity would be abolished, and 
the normal proprioceptive and other somatic 
inputs would prevent their recurrence. 


These are, of course, speculations. But 
they are based on reasonable theoretical as- 
sumptions. Stilz, Carron, and Sanders have 
presented a provocative, exciting clinical 
case, and point the way to a new, powerful 
approach to the treatment of one of the 
most baffling and terrible clinical pain syn- 
dromes. 
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An Introducer for Intraoperative Percutaneous 
Insertion of a Swan-Ganz® Catheter 


PAUL G. BARASH, MD* 
CAYETANO T. DIZON, MD} 


New Haven, Connecticut} 


HE Swan-Ganz? catheter has gained 

wide acceptance for the management of 
the critically ill! Likewise, it is a valuable 
adjunct in the intraoperative assessment of 
cardiorespiratory dynamics in the anesthe- 
tized patient. We have developed an intro- 
ducer$ that facilitates intraoperative inser- 
tion by the anesthesiologist (fig 1). The 
principles of the Seldinger technic” are 
utilized for percutaneous entry of the inter- 
nal jugular vein. 


Atanas 


TSS 8-35 (Yale New Haven Special), Cook Inc, 
Bloomington, Indiana. 





METHOD 


With the patient supine and in a 30° 
Trendelenburg position, the head is turned 
to the side opposite the venipuncture (fig 2). 
The appropriate area of the neck is surgi- 
cally prepped and draped. The landmark 
for the right internal jugular vein is the 
midpoint of the median border of the ster- 
nocleidomastoid muscle.* The carotid artery 
is retracted medially by the left index finger, 
and with the right hand a syringe is aimed 
at the ipsilateral nipple at a 30 to 45° angle 


to the skin. A "guide" needle (20 gauge x 
i ^ : 
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Íniroducer set consisting of vein dilator accompanying 8 French sheath shown as i unit. 


The length of the dilator (excluding Luer-Lok connector) is 17 cm and that of the sheath is 9 cm. 
These dimensions allow for cannulation of the internal jugular vein in diverse anatomic situations. (The 


flexible 35-em wire guide is not shown.) 
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Fig 2. Position of patient and placement of 
"guide" needle. Upper inset demonsirates relation- 
ship of internal jugular vein, common carotid artery, 
and anterior border of sternocleidomastoid muscle. 
Lower inset shows position of patient. 
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needle and Jelco 


3.5 cm), with a 3-ml syringe is used to 
identify the internal jugular vein (fig 3). 
Successful puncture is verified by aspiration 
of venous blood. A 16-gauge Jelco? catheter 
is then introduced adjacent to the guide 
needle (fig 3). The pliable tip of the 35-cm 
wire guide is advanced 10 cm through the 
catheter (fig 4). The wire is held in place 
and the needle is removed. A small stab 
wound with a £15 scapel blade is made at 
the insertion site. The vein dilator and 
sheath are then passed over the wire guide 
as l unit (fig 4). 'The wire and vein dilator 
are removed, leaving the 8-French sheath in 
place. A 7-French thermodilution catheter* 


*Edwards Labs #93-113-7F. 
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Fie 4. Pliable tip of wire guide placed through 
Jelco catheter. Inset shows sheath set advanced 
intravenously over the wire. 


INT JUGULAR V. 





Fic 5. Swan-Ganz catheter being passed into the 
internal jugular vein via the 8-French sheath. Inset 
shows sheath withdrawn from vein and snugged 
onto the catheter. 


can be passed (fig 5). The average time of 
insertion, from preparation to drape until 
an 8-French sheath is in situ, is approxi- 
mately 10 minutes. However, as experience 
is gained, insertion time can be reduced to 
as little as 3 minutes. This technic can also 
be used, if necessary, for percutaneous can- 
nulation of the basilic and femoral veins. 


DISCUSSION 


For successful implementation of pulmo- 
nary-artery monitoring in the operating 
room, one must have access to a site of 
entry and be able to insert the catheter with 
facility. If the antecubital veins ( cephalic 
and basilic) are used, there can be difficulty 
in advancing the catheter past the axilla.4 
Further, with motion of the arm, the cath- 
eter can become dislodged so that “wedge 
pressure" cannot be achieved. Use of the 
femoral vein for insertion has 2 drawbacks. 
In many cases, the operative site precludes 
use of this area by the anesthesiologist. 
Further, catheter manipulation and inser- 
tion without fluoroscopy can be prolonged. 


The accessibility of the internal jugular 
vein, its anatomic constancy, and its large 
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caliber make it an excellent site for percu- 
taneous venipuncture. The shorter, more 
direct route to the right atrium offers an- 
other advantage. This introduction set is 
specifically designed for internal jugular 
cannulation. The length of the dilator (17 
em) and sheath (9 em) allow entry under 
diverse anatomic conditions. Use of the 
Luer-Lok? has minimized the potential risk 
of inadvertent passage of a dislodged sheath 
or dilator into the heart. An added benefit 
is the fact that the 8-French sheath can be 
used for rapid administration of large vol- 
umes of fluid. To date, we have successfully 
used this technic in more than 340 inser- 
tions.? : 
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Cardiac Arrest After Interscalene Brachial-Plexus Block 


R. RICHARD EDDE, MD* 
STANLEY DEUTSCH, PhD, MD} 


Oklahoma City, Oklahoma; 


pen brachial-plexus block has 
become a popular method of anesthesia 
for surgical operations on the upper extrem- 
ities. Reported complications have been few 
and generally without prolonged effects.!? 
We are describing a case of cardiac arrest 
following interscalene brachial-plexus block, 
with a brief review of the possible complica- 
tions. 


REPORT OF A CASE 


A 31-year-old man was admitted to Uni- 
versity Hospital for the excision of a right 
brachial-artery aneurysm. He had a long 
history of chronic renal failure following 
bilateral nephrectomy, requiring weekly di- 
alysis. Significant past medical history in- 
cluded congestive heart failure, hyperten- 
sion, and hypocalcemia, which were under 
good control at the time of operation. He 
had undergone numerous local-anesthetic 
procedures for the creation of A-V fistulas. 
Medications included folic acid, ascorbic 
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acid, pyridoxine, iron sulfate, calcium gluco- 
nate, quinine tablets, and doxycycline. He 
was allergic to codeine and oxycodone. 


Preoperative hemoglobin was 4.2, hemato- 
crit, 12.6; serum K’ was 4.2 mEq/L; and 
ECG revealed ST-T wave changes in the 
anterolateral leads; chest x-ray was normal. 
On the morning of operation he was given 
Innovar? (1 ml) and atropine (0.4 mg) IM 
and taken to the operating room for the in- 
duction of a right interscalene brachial- 
plexus block. 


The usual monitoring devices were ap- 
plied, including blood pressure, pulse, and 
ECG. The right side of neck was prepared 
and draped in a sterile manner. An inter- 
scalene brachial-plexus block was performed, 
using landmarks as described by Winnie, 
although a 6-cm needle was employed in- 
stead of the 3.8 cm needle described by 
Winnie. Paresthesias were obtained and 20 
ml of bupivacaine 0.5 percent was injected. 
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The patient noted numbness of his right 
arm. Aspiration before, during, and after 
injection revealed no blood or cerebrospinal 
fluid. 


Immediately after removal of the needle, 
the patient experienced cardiopulmonary 
arrest, with an ECG that revealed ventricu- 
lar fibrillation. His trachea was intubated 
and he was given 100 percent O., NaHCO,, 
epinephrine, and calcium chloride. Defibril- 
lation with 400 watt-seconds restored car- 
diac rhythm to a sinus tachycardia. Arterial 
blood gases immediately after resuscitation 
revealed a mixed respiratory and metabolic 
alkalosis. 


In the recovery room, the patient re- 
mained in a comatose state, requiring a vol- 
ume-cycled ventilator. His pupils were di- 
lated and fixed and he did not respond to 
painful or caloric stimuli. However, during 
the next hour in the recovery room he 
awoke, was extubated, and was normal to 
neurologic examination. 


T'wo days later, his aneurysm was excised 
without problems under axillary block. 


DISCUSSION 


Complications following interscalene bra- 
chial-plexus block have included hematoma 
formation, subarachnoid in jection, phrenic- 
nerve paralysis, Horner's syndrome, recur- 
rent laryngeal-nerve paralysis, pneumotho- 
rax, and development of transient carotid 
bruits.t-9 


Pharmacologically, bupivacaine has been 
reported to produce cardiac arrhythmias, 
anaphylaxis, and cardiac arrest. Among the 
arrhythmias, bradycardia was the most com- 
mon.’ Intravenous injection was probably 
not a factor in our patient, as frequent 
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needle aspiration was carried out during the 
procedure. 


Although hyperkalemia ean precipitate 
ventricular tachycardia and fibrillation, our 
patient had been adequately dialyzed prior 
to operation and his serum K^ was normal. 


We feel that the most likely cause of his 
cardiac arrest was an inadvertent subarach- 
noid injection resulting in a "total spinal," 
with medullary ischemia* characterized by 
persistent apnea and failure to regain con- 
sciousness. 'The chance of this Occurring was 
increased by the use of a long (6 cm) nee- 
die. To minimize the probability of this 
hazard, a short, 3-cm needle should be em- 
ployed in interscalene brachial-pleux block. 
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Percutaneous Cannulation of Weakly Palpable Arteries 


JAY B. BRODSKY, MD* 
ALAN L. WONG, MD} 
JAMES A. MEYER, MDt 


Presidio of San Francisco, CaliforniaS 


A cannulation for continuous 
pressure monitoring and arterial blood- 
gas sampling is easy when pulsations are 
readily palpated. However, difficulty in pal- 
pating a suitable artery may necessitate 
surgical cutdown to provide an indwelling 
arterial line. 


We employ a technic which allows us to 
cannulate percutaneously weakly palpable 
or nonpalpable radial arteries. After the 
collateral ulnar artery blood flow is deter- 
mined to be adequate,! the patient's wrist 
is dorsiflexed at a 60? angle over a towel 
roll and the supinated arm is immobilized 
with tape. The clear-plastic sensor of an 
Ultrasonic Doppler Flow Detector, Model 
811,! is slowly moved over the volar aspect 
of the distal forearm until the point of loud- 
est pulsation of the radial artery is identi- 
fied. 'The skin above this point is marked. 


The direction of the artery is similarly 
determined. The probe is lightly taped over 
the site of maximal pulsation, and the area 
immediately distal to it is cleansed with 
alcohol. An 18- or 20-gauge Teflon catheter? 
is introduced through the skin at a point 10 
mm distal to the Doppler probe ( figure). 
The catheter is advanced at a 15 to 30° 
angle to the skin surface in the direction of 
the artery until the artery is encountered 
and cannulated. 


We find this technic particularly useful 
in obese patients. Although we have used it 
only for cannulation of the radial artery, 
this method offers an alternative to surgical 
cutdown for cannulation of any weakly 
palpable artery. 


pu eriein aa 
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Figure. Ultrasonic Doppler technic for percutane- 
ous cannulation of weakly palpable radial artery. 
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A Nonhypoxemic System for Sterile Tracheal 
Aspiration Without Gloves 


GALE E. DRYDEN, MD* 
WILLARD H. ALBRECHT, MD} 
DOUGLAS F. CUMMINS, MDł 

WILLIAM J. LINK, PhDS 


Indianapolis, Indiana || 


RACHEOBRONCHIAL suctioning frequently 

is associated with bacterial contamina- 
tion of the airway and with hypoxemia re- 
sulting from depletion of the intrapulmonic 
gases via the suction catheter. Cardiopul- 
monary and cerebral complications follow- 
ing hypoxic episodes have been reported by 
various investigators. !-5 


It has also been documented that bacte- 
rial colonization of the airway following 
unsterile aspiration may result in pulmo- 
nary infection with resultant morbidity and 
mortality.$-5 


There is now available a ventilating suc- 
tion catheter system that facilitates aseptic 
technic without the need of gloves and also 
eliminates the risk of hypoxia during tra- 
cheal suctioning. 


THE DEVICES 


The system is made by securing a flexible 
clear-plastic sleeve with a special plastic 
"T" adapter around the suction catheter 
(figure). The “T” end measures 22 mm OD 
and 15 mm ID. The side limb has 22 mm 
and 15 mm OD segments and a relief port 
of 2.1 mm diameter. The air flow resistance 
through the port alone is 4 cm H.O at 
9 L/min and 45 cm H.O at 20 L/min. 


METHOD OF USE 


The free end of the adapter is connected 
to the 15 mm male fitting of the patient’s 


*Chairman, Department of Anesthesiology. 
7Chinical Director, Department of Anesthesiology. 
tAssistant Director, Department of Anesthesiology. 


$ Chairman, Department Biomedical Engineering. 





FIGURE. Clear-plastic adapter designed to permit 
tracheal aspiration without contaminaticn or hypox- 
emia. 


endotracheal or tracheostomy tube. The 
side limb of the adapter is attached to an 
O, delivery system which will deliver flows 
equal to or greater than the volume removed 
by the suctioning procedure. Adequate gas 
flow will slightly distend the plastic sleeve 
and force the O. around the suction catheter 


fThe ethylene oxide sterilized system will soon be 
commercially available in various sizes through the 
Dryden Corporation, Indianapolis, Indiana. 
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into the lung. 'The catheter is advanced by 
grasping it through the outer sleeve, which 
serves both as a sterile barrier and as a 
reservoir to accept a sudden increase in air 
volume, such as during coughing. Excessive 
pressure in the lung is prevented by deflat- 
ing the cuff of the endotracheal tube, the 
catheter lumen, and the relief port; if the 
plastic sleeve becomes too distended, the 15 
mm slip connection is easily separated. 


The ability to maintain a positive re- 
placement of the gases to the lung safely 
extends the duration of the tracheal suction- 
ing procedure without fear of hypoxia, and 
permits aseptic tracheal toilet to be com- 
pleted without gloves and with fewer at- 
tempts. 
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DYSRHYTHMIAS AND STELLATE GANGLION BLOCKADE. The number of ven- 
tricular ectopic beats following coronary artery occlusion in anesthetized dogs was 
determined with or without unilateral stellate ganglion blockade. Blockade of the right 
stellate ganglion increased the number of ectopic beats associated with coronary artery 
occlusion, In contrast, blockade of the left stellate ganglion reduced or abolished oeclu- 
sion-induced dysrhythmias. It is known that left stellate ganglion stimulation facilitates 
the development of premature ventricular beats and tachyarrhythmias including ven- 
tricular fibrillation. The protective effect of left stellate ganglion blockade may be of 
value in the early phase following acute myocardial infarction characterized by a high 
incidence of ventricular irritability. (Schwartz PJ, Stone HL, Brown AM: Effects of 
unilateral stellate ganglion blockade on the arrhythmias associated with coronary 


occlusion, Am Heart J 92:589-599, 1976) 
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Circulatory Collapse After Pneumonectomy (An Unusual 
Complication from the Use of a Carlens Catheter):* 


Case Report 


GALE E. DRYDEN, MDf 


03-YEAR-OLD man with a diagnosis of 

bronchogenic carcinoma was hospital- 
ized for a left thoracotomy and possible 
pneumonectomy. He had a long history of 
smoking and a recent history of hemoptysis 
and weight loss. He weighed 75 kg and was 
still in good nutritional state. Laboratory 
findings were normal except for x-ray evi- 
dence of progressive atelectasis of the lin- 
gulae. Electrocardiographic changes in Q 
waves of leads II, III, and AVF, and non- 
specific ST changes, were compatible with 
an old inferior infarct. 


The left lung was removed surgically un- 
der halothane-N.O-O, anesthesia via a Car- 
lens catheter. No problems were encoun- 
tered during the surgical procedure or anes- 
thesia maintenance, until removal of the 
Carlens catheter was attempted. The first 
attempt at extubation met with some tubal 
resistance and bucking by the patient. With 
a second, more vigorous, attempt, the tube 
was removed with a sudden release. The 
patient quickly became diaphoretic, with a 
feeble pulse, and the ECG showed severe 
bradycardia. 


He was reintubated immediately with a 
standard endotracheal tube and ventilated 
with 100 percent O., but with no improve- 
ment of his circulation. Cardiac massage 
was initiated. Isoproterenol and NaHCO, 
were infused. After the ECG showed ven- 
tricular fibrillation, D-C defibrillation was 
carried out, without success. Aspiration of 
the chest revealed no air. An emergency 


thoracotomy found the chest to be filled 
with clotted blood, the left pulmonary artery 
wide open, and the heart empty. The pa- 
tient was pronounced dead. 


An inspection of the Carlens catheter 
revealed a tear in the anterior wall at a 
level above the spur, the result of a suture 
extending from the pulmonary artery into 
the trachea and through the tube wall (fig- 
ure). When the tube was removed, the 
suture was broken, freeing the artery. 


DISCUSSION 

Selection of a Carlens tube for left lung 
resection can be accepted if there is rea- 
sonable doubt about the extent of lung resec- 
tion prior to exploration. If total pneumo- 
nectomy is decided upon, the Carlens cath- 
eter should be retracted into the main stem 
bronchus and anesthesia continued as if a 
standard endotracheal tube were in place. 


The advantages of a double-lumen tube 
for thoracic surgery include the ability to 
ventilate one lung while the other is cleared 
of secretions, or, if the surgeon wishes to 
work with a deflated lung, this is more 
easily provided. The use of any right bron- 
chial tube increases the risk of obstruction 
of air exchange to the right upper lobe, due 
to variable location of the epiarterial bron- 
chus. The reasons for choice of the Carlens 
tube in this case were not reported. How- 
ever, the possibility of a suture through an 
endotracheal tube, regular or special, should 
be considered if there is resistance to 


"This case, which occurred many years ago, is presented for its teaching value. The patient was not seen 
by, nor was the anesthetic administered by, the author. Ed. 
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Ficure. The defect in the wall of endotracheal tube resulted from a suture passing through the trachea 


during a pneumonectomy. 


extracting the tube following suture place- 
ment near the tracheal wall, a possibility 
that should be adequate cause to consider 
reopening the chest and searching for an 
anchoring suture before undue force is ex- 
erted to extubate a postpneumonectomy 
patient. 


'The use of a bronchoscope to inspect the 
tube could be considered, but the suture 
would have to go through into the tube 
lumen before it could be seen. In the case 
presented, the suture did not go into the 
lumen, so such inspection would not have 


been helpful. 


MEPERIDINE EXCRETION. Since meperidine is a basie drug (pKa 8.63) it might 
be expected to pass into more acid gastric fluid for subsequent spillage back into the 
systemic circulation. This enterosystemic recycling was studied after intravenous meperi- 
dine 50 mg administered to 6 volunteers. No more than 5 percent of the total dose was 
recovered from gastrie aspirate during a period when plasma levels were maximal. 
Negligible amounts of meperidine were recovered from bile in 2 patients. Even though 
large concentrations of meperidine were present in the stomach relative to the plasma 


levels the mass of drug represented was insignificant. 
secretion plays a minor role in the dispositi 
Sehenker S et al: Gastric and biliary exer 


Ther 20:546-551, 1976) 


These data suggest that gastric 


* 


on of meperidine. (Dunkerley R, Johnson HR. 
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Q" Specialty has been fortunate over 
the past half century to have had in 
South America a small group of highly in- 
telligent, dedicated, pioneering anesthesi- 
ologists. It is our pleasure to salute one of 
these men—Juan Armando Nesi, MD. 


Juan Armando Nesi was born in Buenos 
Aires, Argentina, September 18, 1909. He 
received his medical degree in April 1932 
from the National University of that city. 
For 5 years, he practiced general medicine, 
and in 1935, his doctoral thesis on the mech- 
anism of healing of fractures was approved. 
Soon thereafter, he finished 2 years of the 
professorship career in pathology at the Na- 
tional University of La Plata, Argentina. 


In 1936, Dr. Nesi attended the first 
Course on Modern Anesthesia, conducted 
by a Mexican specialist, Dr. F. Vollbrecht- 
hausen, at the National Institute of Surgery 
in Buenos Aires. From 1937, he devoted 
full time to the practice of Anesthesiology, 
working in five of the principal hospitals of 
Buenos Aires. He was appointed Chief of 
the Central Service of Anesthesia at the 
Rawson Hospital in 1950. This was a sig- 
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nificant step, due to the fact that the 
Finochietto brothers, renowned surgeons, 
practiced at this hospital. As they attracted 
patients and visitors from all of South 
America, there was a daily challenge for 
excellent anesthesia and patient care. 


The year 1940 found Dr. Nesi in the 
USA, where he spent a year as a resident 
in anesthesia with Dr. J. S. Lundy at the 
Mayo Clinic. Before returning home, he 
spent 4 months visiting the major anesthesia 
centers in Madison, Wisconsin, Chicago, 
Toledo, Ohio, Boston, New York, and Wash- 
ington, D.C. The quest for newer knowl- 
edge and the exchange of ideas prompted 
him to visit the USA again in 1946 and 
1958, as well as England and Europe in 
1947, 1951, and 1954. During these years, 
he presented papers, gave clinical demon- 
strations, and participated in many scien- 
tific meetings. Soon Dr. Nesi was recognized 
at home and abroad for his technical skill, 
clinical competence, and scientific scholar- 
ship. 


Probably his most outstanding contribu- 
tion has been in the educational field. His 
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training center at the Rawson Hospital in 
Buenos Aires soon enjoyed a national repu- 
tation, and 100 Argentine and foreign doc- 
tors were trained there. In 1952, he planned 
and led the first refresher course of the 
Argentine Association of Anesthesiology 
and helped establish the Library of that 
Society. In 1954, the National Medical 
School of Buenos Aires selected Dr. Nesi 
as Professor and Chairman of its new De- 
partment of Anesthesiology, where he re- 
mained as director until 1957. 


Dr. Nesi became a member of the Edi- 
torial Staff of Revista Argentina de Anes- 
tesiologia in 1943 and was its Editor from 
1945 to 1950. In addition to the publication 
of 124 scientific papers, mostly in South 
American Journals, he has written 15 chap- 
ters on anesthesia and allied subjects in 
books published in Argentina and Venezu- 
ela, plus a textbook of Applied Physics, a 
booklet on Cardiorespiratory Resuscitation 
(coauthored), and another on surgical 
shock. 


Near the end of 1957, this internationally 
known and recognized anesthesiologist was 
invited by the University Hospital of Ca- 
racas, Venezuela, to organize and conduct a 
postgraduate training center in the Depart- 
ment of Anesthesiology headed by Dr. 
Carlos Rivas. Later this Center was incor- 
porated into the medical school and Dr. 
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Nesi was made Associate Professor of the 
Central University of Venezuela. By the 
end of 1976, 176 doctors had been certified 
as specialists on the completion of a 2-year 
training at this Center. 


A Library for this new Department of 
Anesthesia was initiated by a gift from Dr. 
Nesi of his own private book collection. 
Under the efficient guidance of his wife, 
Dolly, this has become the most important 
information center for the specialty in Ven- 
ezuela, with more than 1500 books on Anes- 
thesia and related subjects, subscriptions to 
24 Anesthesia journals, and 90,000 classified 
reference cards. Mrs. Nesi also takes care 
of a monthly bulletin directed toward a pro- 
gram of continuing education, initiated in 
1968. The couple has 4 children and 3 
grandchildren. 


Dr. Nesi was Secretary of the Argentine 
Association of Anesthesiology in 1947 and 
its President in 1949 and 1954. The Ven- 
ezuelan Government honored him with the 
badge and medal of the Order of Andres 
Bello in 1963. 


The reader can easily appreciate that 
Juan Armando Nesi truly is an internation- 
alist, as judged by his training, accomplish- 
ments, recognitions, and honors. Therefore, 
it is a privilege for the International Anes- 
thesia Research Society to Salute him in 
these pages. 
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In each issue of the Journal an article of 
particular interest and value to anesthesi- 
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ologists, which has been published else- 
where, will be presented. Primarily the ma- 
terial will contain fundamental basic infor- 
mation which has been presented by anes- 
thesiologists, physiologists, pharmacologists, 
and others and, on occasion, by commercial 
firms. In the last instance, these reprintings 
are not to be construed as an endorsement 
of the particular commercial firm or its 
product by Anesthesia and Analgesia—Cur- 
rent Researches. 


Myocardial Infarction After General Anesthesia 


SAIT TARHAN, MD 
EMERSON A. MOFFITT, MD 
WILLIAM F. TAYLOR, PhD 
EMILIO R. GIULIANI, MD 


During 1967 and 1968, a total of 32,877 patients 
had general anesthesia at the Mayo Clinic; 422 
had previous myocardial infarction. Of these 
6.6% experienced another infarction during the 
first postoperative week. There was no rela- 
tionship between incidence of postoperative re- 
infarction and type or duration of anesthesia. 
However, operations on the thorax and upper 
abdomen were followed by three times as 
many reinfarctions as operations at other sites. 


Ace by the National Center for 
Health Statistics estimated that there 
were 111.1 million adults in the United 
States between 18 and 79 years of age dur- 
ing the years 1960 to 1962. Of these, 3.1 
million had definite coronary heart disease, 
and 2.4 million were suspected of having it. 
Definite myocardial infarction had occurred 
in an estimated 1.4 million adults.! The 
number of patients with coronary heart dis- 
ease or myocardial infarction who require 
some form of surgical operation will increase 


Patients who were operated on within three 
months of infarction had a 37% reinfarction 
rate. This rate decreased to 16% in patients 
at three to six months after infarction, and 
remained at 4% to 5% when infarction had 
occurred more than six months previously. A 
significantly higher number of myocardial in- 
farctions occurred during the third postopera- 
tive day. 


steadily as the population increases. Con- 
sidering the stress of anesthesia and surgery, 
these patients present problems related to 
their specific cardiac pathological findings. 


In spite of these large numbers, few sta- 
tistics are available regarding the incidence 
of primary or recurrent myocardial infarc- 
tion after anesthesia. Death rates and their 
relation to age and sex, and to type and 
duration of anesthesia (in existing reports) 
are based on a relatively small number of 


From the Mayo Clinic and Mayo Foundation, Rochester, Minn. 


Read before the Section of Anesthesiology at the 120th annual convention of the American Medical Asso- 


ciation, Atlantic City, NJ, June 22, 1971. 


Reprint requests to Mayo Clinic, 200 First St SW, Rochester, Minn 55901. 


Reprinted with permission from the Journal of The American Medical Association and the authors. 


This investigation was supported in part by Public Health Service research grant GM-14919 from the 


National Institutes of Health. 
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TABLE 1 


Incidence of Myocardial Infarction Related 
to Previous Infarction 





Myocardial infaction 





General one week postoperatively 
Anesthesia —— ORO Sat 
History No. No. 9, 


Previous myocardial 








infaretion 
1967 218 13 6.0 
1968 204 15 7.4 
Total 422 28 6.6 
No previous myocardial 
infarction 
1967 15,597 19 0.12 
1968 16,858 24 0.14 
Total 32,455 43 0.13 





cases. This review attempts to provide addi- 
tional data on these questions by analyzing 
a two-year experience in a large anesthetic 
practice. 


PATIENTS STUDIED AND METHOD 


During the years 1967 and 1968, a total 
of 32,877 patients, 30 years of age and over, 
underwent some form of operation or diag- 
nostic procedure under general anesthesia at 
our institution. (Cardiac operations were 
not included.) Among these, 422 patients 
had evidence of previous myocardial infarc- 
tion indicated by medical history or by elec- 
trocardiography before operation. The vear- 
ly distribution is shown in Table 1. Twenty- 
eight of them (6.6%) experienced another 
infarction during the first week after the 
operation, indicated by clinical symptoms, 
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electrocardiogram, enzyme studies or post- 
mortem examination. Forty-three other pa- 
tients also had infarctions during this same 
postoperative period——0.13275 of all patients 
without previous history of myocardial in- 
farction, having anesthesia (Table 1). 


The relationship of patients with previous 
myocardial infarction to surgical population 
by age and sex, and their reinfarction ratio, 
is shown in Table 2. Myocardial infarction 
is primarily a disease of men. Of every 
1,000 anesthetized patients, 12.8 had had a 
previous myocardial infarction. Fifteen of 
28 patients (549%) died after reinfarction, 
with 12 of these deaths (8095) occurring 
during the first 48 hours after myocardial 
infarction (Table 3). Forty-three of the 71 
patients who experienced an infarction had 
no previous evidence of myocardial infarc- 
tion, but 16 had known coronary heart dis- 
ease with angina. The other 27 had no his- 
tory of coronary disease, but six of them 
were diabetics and ten had hypertension 
which required treatment. The mortality of 
these first infarctions is also high. 


The patients received a variety of general 
anesthetic agents and muscle relaxants ('Ta- 
ble 4) without influencing the incidence of 
reinfarction. Duration of anesthesia ranged 
from 20 minutes to six hours, yet the inci- 
dence of reinfarction did not change as 
time increased (Table 5). 


The relationship of site and type of oper- 
ation to recurrence of myocardial infarction 
is shown in Table 6. When analyzed by the 
chi-square test, the reinfarction ratio in 
operations of the thorax and upper abdomen 
was significantly higher (P<.001) than for 


TABLE 2 
Relation of Myocardial Infarction to Previous Infarction and to Surgical Population 


Total previous 


myocardial infarction ———————————— 


General anesthesia per 1,000 





Age, yr o anesthetized — 
30-39 - 4,081 EET 
40-49 6,906 3.6 
50-59 8,825 10.5 
60-69 8,375 20.9 
70-79 4,051 27.9 
80-4- 639 20.8 
Total 32,877 12.8 


Myocardial infarction in men Myocardial infarction in women 
No p tC HUMO ae 


Previously postoperatively | Previously  post-aporatively 
me oes = = m 

24 2 1 — 

75 5 18 — 

147 13 28 — 

90 6 23 1 

10 1 3 — 

349 27 73 1 
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TABLE 3 
Preoperative Heart Disease and Myocardial Infarction After General Anesthesia 


Myocardial infarction, first week postoperatively 

















Deaths 
in 48-hr postoperative 
Total myocardial infarction 
No. of T M t i I a il 

Preoperative status cases No, %, No. y^ 

Myocardial infarction 28 15 54 | 12 80 
Coronary heart disease 

Known 16 14 87 9 64 

Unknown 27 15 56 c^ dd 73 


Total 71 44 62 32 78 
————————— MM Áo 


TABLE 4 
Relation of Myocardial Infarction to Anesthetic Agents 











Myocardial infarction 








Agent and mixtures Previously Again, post-operatively Again, % 
; a ce ee te T 


Thiopental, O», N50, tubocurarine 







> With methoxyflurane 57 5 8.8 
"With halothane 268 18 (2061 
B With ether —— i 66 4 6.1 

With pentazocine 3 — — 
Thiopental, O., N.O 21 — — 

With halothane, gallamine 1 1 — 

With gallamine 1 E ee 

With cyclopropane 1 — — 
Thiopental, diazepam 2 — = 

. Thiopental, O., surgical infiltrate 1 — — 
~  Innovar, *O;, N50, tubocurarine 1 — — 





E *Mixture containing droperidol and fentanyl citrate. 


TABLE 5 
Duration. of Anesthesia and Myocardial Infarction After General Anesthesia 





Myocardial infarction ~g 
eeaeee 


in men in women 











Anesthesia [min] 2. o Previously p ee Previously pes — e ond naar 
0-59 5 — 35 3 11 — 6.5 
60-119 66 4 12 — o.1 
120-179 39 4 14 — 7.5 
180-239 20 1 — 4.2 
240-299 12 — 3 1 6.7 
300-359 2 — — — — 


Total 174 12 44 1 60 
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Postoperative Doys 
Distribution of myocardial infarctions by post- 
operative days. 
*Number of patients. 


the other types of operations that were 
studied (Table 6). 


The relationship of incidence of postoper- 
ative infarction to interval since previous 
myocardial infarction is shown in Table 7. 
Thirty-seven percent of patients operated 
on within three months of myocardial in- 
farction had postoperative reinfarctions. This 
decreased to 1697, in patients between three 
and six months after infarction, and re- 
mained 4% to 5% in patients more than six 
months after previous infarction. 
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The Figure depicts the distribution of 
myocardial infarction on various postopera- 
tive days. There were significant day-to-day 
differences in the frequency of myocardial 
infarction, with third-day incidence being 
highest (P<.01). 


Six of the 28 patients did not have chest 
pain with reinfarction. Suspicion of an acute 
infarct came from the postoperative ECG, 
or from clinical findings, such as irregular 
pulse, which led attending physicians to a 
full investigation. 


COMMENT 


Coronary heart disease may begin early 
in adult life, but rarely manifests itself be- 
fore 45 years of age. Myocardial infarction 
is much more common in men than women 
and its prevalence rises with age, the 65- to 
74-year-old age group having the greatest 
incidence. This was also true in the surgical 
population, yet the reinfarction ratio did not 
change significantly in our study for older 


TABLE 6 





Relation of Myocardial Infarction to Site an 


d Type of Operation 


Myocardial infarction 


a tt t t T TA A EA E T e a i M e rarae PH Eiern artem memet mien htm 








In men In women 
Again, Again, Again (%) 
post- post. {Men ond 
Site and type of operation Previously operatively Previously operatively women) 
Thorax and upper abdomen (113) (15) (18) (1) (12.2)* 
Great vessels 49 5 5 — 9.0 | 
Lung 14 5 pan — 36.0 
Other intrathoracic 4 3 — — 75.0 
Biliary, upper abdomen 46 2 13 1 5.0 
Other (236) (12) (55) — (4.1)* 
Extraperitoneal abdominal 5 1 2 — 14.0 
Endoscopic: oral 8 2 — — 25.0 
peritoneal 5 2 — — 40.0 
Perineal GU} 48 2 — — 4.0 
Anorectal —— 7 1 — — 14.0 
Vertebral column 14 1 2 — 6.0 
Extremities, bone 18 2 5 — 9.0 
Head and neck 13 1 — 6.0 
Miscellaneous 118 — 41 — — 
urE——————Usmez'———— 
Total 349 27 73 1 6.6 











a a s 


*Difference between groups is significant (p<.001). 
fGenitourinary. 









Editor's Choice 


459 


TABLE 7 


Relation of Myocardial Infarction to Interval From Previous 
Myocardial Infarction 


In men 





Months Previously Sed cee ioa 
0-3 8 3 
4-6 15 
7-12 31 2 
13-18 26 1 
19-24 19 T 
25-- 186 10 
|. Old 64 7 
ces | Other* an MON 





z Ted 


"Age not recorded for myocardial infarction. 


age groups. Our present study also indicates 
that patients with previous myocardial in- 
farction who undergo general anesthesia and 
surgery have a 50 times greater chance of 
reinfarction than those who do not have a 
history of myocardial infarction. 


Reports on rates of postoperative myocar- 
dial infarction differ widely. Baer et al? 
E dias that. 41 of 150 patients older than 30 
| Ex had myocardial infarction after 
d and Macdessi* auna evi- 













e iion. were. ATA select- 
rd eie p Ei S in- 





has previous history of coronary 
had reinfarctions. Arkins et al^ 
séries of 240 patients with pre- 


died duré the first two months after opera- 
tion. Mauney. et al? relates a prospective 
study in which 30 of 365 patients, age 50 
years or over, had myocardial infarction 
after operation, with 16 deaths. 


Comparing these figures is difficult be- 


... cause of the wide variety of factors involved, 
‘such as age, type of hospital, methods of 


diagnosing myocardial infarction, other pre- 


Es existing illnesses, type of operation, and 


postoperative care. However, one conclu- 
sion is common to all reports: There is a 


Myocardial infarction 


rr Tii rne a t i t t i t 


in women 











Again, Again (%) 
Previously post-operatively ^ — (Men and women] 

ne cm 37 
4 s 16 
11 — b 
1 s 4 

2 - 5 
46 1 5 
9 ES 10 





high incidence of postoperative myocardial 
infarction in patients who have had previous 
infarction, even when it was long before the 
operation. 


Fifty-four percent of our patients who had 
previous myocardial infarction died as a 
result of recurrent myocardial infarction 
(similar to the 539; mortality cited by 
Mauney et al.* By Copaon, the mortal- 
ity from myocardial infarction in a general 
hospital is approximately 30%, and in a 
coronary-care unit this may be reduced to 
15% to 20%.7 So myocardial infarction, or 
recurrent infarction, after anesthesia and a 
major operation, is more serious and lethal 
than myocardial infarction alone. 


Others have reported that the shorter the 
interval between previous myocardial in- 
farction and major operation, the greater 
the hazard of reinfarction.* In the series of 
Arkins et al, 27 patients had. infarction 
which was less than three months old; 11 
of them (4095) died during or after opera- 
tion. In ten of these patients the cause of 
death was directly related to myocardial 
infarction. In our series, the reinfarction 
rate was 37% among the patients with in- 
farction less than three months previously; 
the incidence dropped to 16% when the 
myocardial infarction was three to six 
months old. Because the reinfarction rate 
stabilizes at 5% after six months, elective 
surgery should be postponed beyond this 
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time. Only life-threatening emergencies 
should be considered for surgery less than 
six months after a patient has suffered a 
myocardial infarction. 


About one third of patients having a myo- 
cardial infarction and reaching the hospital 
die in the first 48 hours.? However, 80% of 
our postoperative patients died within 48 
hours after myocardial infarction, which sug- 
gests that arrhythmia, rather than a low 
cardiac output due to myocardial failure, 
may be the primary cause of death. Since 
these infarcts occurred in hospitals, one can 
reasonably assume that a lower mortality 
could be obtained if all patients with pre- 
vious coronary heart disease and myocardial 
infarction were monitored carefully, and 
early measures were taken to treat previous 
serious rhythm disturbances. At present, the 
ideal environment for such a patient is an 
intensive coronary care unit (ICCU) or its 
equivalent. 


Several factors may precipitate myocar- 
dial infarction during and after operation: 
tachycardia, hypoxemia, hypotension, hem- 
orrhage, and lowered cardiac output.? These 
complications are more frequent after sur- 
gery of the great vessels, lung, and the up- 
per abdomen. As a group, these more-major 
kinds of operations were followed by three 
times as many infarctions as any other type 
of operation. This fact indicates the need 
for close attention to maintaining optimal 
blood volume and pressure in the postopera- 
tive period. 


Six of our 28 patients (21%) had silent, 
recurrent infarction, discovered electrocar- 
diographically or clinically after operation. 
Chest pain at this time may be absent or 
obscured because of narcotics and sedatives. 
Serial electrocardiographic tracings per- 
formed daily for up to a week after opera- 
tion, for comparison with a baseline ECG 
taken prior to operation, are indicated in 
patients who have hypertension, coronary 
disease, and previous infarction. 


Hypoxemia (when breathing air) occurs 
to some degree after most general anesthet- 
ics and major operations. We have found in 
a different study that after abdominal sur- 
gery, arterial oxygen tension decreases for 
at least three postoperative days (295, 
11%, and 12% respectively), largely due to 
miliary atelectasis, pulmonary shunting, and 
possibly decreased cardiac output.!? An- 
other reason, then, for having patients who 
have had previous infarction, and those who 
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have coronary disease, in intensive-care 
areas postoperatively is that oxygen can be 
administered more carefully. They need not 
only an increased inspired oxygen tension 
for several days but also special attention to 
chest physiotherapy—coughing, deep breath- 
ing, chest pounding, regular turning, and 
dangling of the legs. By these means, ate- 
lectasis may be minimized, myocardial oxy- 
gen supply kept adequate, and infarction 
avoided. 


It has been suggested that there is a 
tendency for excessive thrombus formation 
in men who have had previous myocardial 
infarction.!! The coagulability of blood is 
increased during the second to seventh post- 
operative days.!? Results of prolonged anti- 
coagulation to prevent recurrent myocardial 
infarction have been controversial in the 
past,!? yet, to our knowledge, short-term (up 
to one week) prophylactic anticoagulation 
for postoperative, recurrent myocardial in- 
farction has not been evaluated. 


The significance of the combined effects 
of all these factors on the incidence of myo- 
cardial infarction after operation, especially 
during the third postoperative day (Figure), 
is not clearly documented. Certainly, these 
high-risk patients should be watched closely 
and treated aggressively, postoperatively, in 
an attempt to make anesthesia and surgery 
safer for them. n 


REFERENCES 


1. Vital and health statistics: coronary heart 
disease in adults; United States 1960-1962, series 11, 
No 10. US National Center for Health Statistics, 
Sept 1965 


2. Baer S, Nakhjavan F, Kajani M: Postopera- 
tive myocardial infarction. Surg Gynec Obstet 120: 
315-322, 1965 


3. Walker RL, Macdessi BJ: Myocardial ab- 
normalities following geriatric surgery. Med J Aust 
1:783-786, 1966 


4, Knapp RB, Topkins MJ, Artusio JF Jr: The 
cerebrovascular accident and coronary occlusion in 
anesthesia. JAMA 182:332-334, 1962 


5. Arkins R, Smessaert AA, Hicks RG: Mortal- 
ity and morbidity in surgical patients with coronary 
artery disease. JAMA 190:485-488, 1964 


6. Mauney FM Jr, Ebert PA, Sabiston DC Jr: 
Postoperative myocardial infarction: A study of 
predisposing factors, diagnosis and mortality in a 
high risk group of surgical patients. Ann Surg 
172: 497-502, 1970 


7, Logue RB, Hurst JW: Prognosis of patients 
with angina pectoris and myocardial infarction, in 


Editor's Choice 


Hurst JW, Logue RD (eds): The Heart Arteries 
and Veins, ed 2. New York, McGraw-Hill Book Co 
| Ine, 1970, pp 1021-1033 


. , & Shapiro S, Weinblatt E, Frank CW, et al: 
. Incidence of coronary heart disease in a population 
insured for medical care (HIP): Myocardial infarc- 
tion, angina pectoris, and possible myocardial in- 
farction. Amer J Public Health, suppl 59, pp 1-101, 
1969 | 
9. Dack S: Postoperative problems: Postopera- 
tive myocardial infarction (symposium on cardio- 
vascular-pulmonary problems before and after sur- 
gery). Amer J Cardiol 12:423.430, 1963 



















y re 





ri 








produc d. 
464-468, 1976 


] 'he effects of intravenous fen 
cg plus droperidol on ventilation 
.End-tidal CO: (PrrCO.) increas 


‘ial effect was offset by accompanying restlessness and 
j RF, Cromwell TH et al: The magnitude and duration of respiratory depression 


461 


10. Tarhan S, Moffitt EA, Sessler AD: The effect 
of deadspace rebreathing on postoperative atelec- 
tasis. Anesth Analg 48:721-727, 1969 


1l. Goldenfarb PB, Cathey MH, Zucker S, et al: 
Changes in the hemostatic mechanism after myo- 
cardial infarction. Circulation 43:538-546, 1971 


12. Grigoryan NA, Alimov TU: Changes in the 
coagulating and anti-coagulating system of the 
blood during endotracheal anesthesia. Eksp Khir 
Anest 14:64-67, (Nov-Dec) 1969 


13. Seaman AJ, Griswold HE, Reaume RB, et 
al: Prophylactic anticoagulant therapy for coronary 
artery disease. JAMA 189:183-187, 1964 


tanyl (1.5, 3, 6 and 9 ug/kg) and fentanyl 
and circulation were determined in 10 male oo 
ed within 2 minutes after drug administra- |... 
was maximum in 5 minutes. The Py«CO; returned to within 10 percent of control = = 

0 minutes with the two lower fentanyl doses and in 2 hours with the higher 
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 Nausea and vomiting were less when droperidol was added to fentanyl but this 


alter the observed 


anxiety. (Harper MH, 
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We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 
Rochester, Minnesota 55901. The names 
of those submitting questions will remain 
anonymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 

Ronald W. Dunbar, M.D. 
Contributing Editor 
Atlanta, Georgia 


QUESTION: Please comment on lithium 
carbonate and its possible adverse or advan- 
tageous role in clinical anesthesiology. This 
drug is now being increasingly used as a 
psychotherapeutic agent; will it present pos- 

sible problems to the anesthesiologist? 


MD, North Carolina 


ANSWER £1: With the increasing use of 
lithium carbonate (Li) in the treatment 
and prophylaxis of acute and recurrent ma- 
nia, more patients receiving such therapy 
are presenting as surgical candidates. Al- 
though its mechanism of action is unknown, 
the effects of Li may be related to the fol- 
lowing: 

a. Intracellular accumulation of Li, re- 
sulting in depressed membrane excitability.! 


b. Increased intraneuronal inactivation 
of norepinephrine (NE), leading to de- 
creased adrenergic tone.” 


c. Inhibition of acetylcholine (ACH) 
synthesis and its subsequent diminished re- 
lease.? 
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Therapeutic results are best when Li 
blood levels are maintained between 0.5 and 
1.5 mEq/L. Early signs of Li intoxication, 
including drowsiness, muscular weakness, 
incoordination, vomiting, and diarrhea, may 
be encountered with Li blood levels from 
1.5 to 2 mEq/L. Above 2 mEq/L, moderate 
to severe toxic effects, consisting of muscle 
hyperirritability, epileptiform seizures, ir- 
regular pulse, atrio-ventricular block, and 
hypotension may be seen, depending on the 
individual response to the drug. 


Lithium is not protein bound, distributes 
throughout total body water,‘and is excreted 
predominately (9595) by the kidney. Re- 
cent studies indicate that Li clearance is 
significantly decreased by low Na intake 
or chronic thiazide treatment.” Sodium bi- 
carbonate and aminophylline produce in- 
creased Li excretion. 


There are few reported studies evaluating 
Li and anesthesia. In one study,? a de- 
pressed psychiatric patient receiving Li un- 
derwent electroconvulsive therapy and had 
a prolonged recovery time. A blood sample 
at that time revealed a toxic Li concentra- 
tion of 3.4 mEq/L. Other recovery times 
were “normal” when the patient was not 
receiving Li or had therapeutic blood levels 
of Li. In another study,? a patient whose 
pre- and postoperative blood levels were 
within therapeutic range showed a pro- 
longed neuromuscular blockade after the 
administration of pancuronium bromide. Re- 
cently, Li was shown to increase the latency 
time of onset and duration of succinylcho- 
line neuromuscular blockade. With the 
awareness of the potential effects of Li on 
NE and ACH metabolism and the general 
depressant effects of most anesthetics, it is 
not unreasonable to expect that patients 
with therapeutic blood levels of Li might ex- 
hibit muscle weakness, hypotension, irregu- 
lar pulse, or confusion, depending on the 
length and type of anesthetic. 


Thus, anesthetic management should con- 
sider the potential adverse effects of Li, 
which may be evaluated by a preoperative 
Li blood level and preoperative visit. With- 
holding Li therapy 24 to 48 hours prior to 
an anesthetic should decrease the probabil- 
ity of incurring an adverse Li reaction intra- 
operatively or postoperatively. 


Stanley Mogelnicki, MD, PhD 

Department of Anesthesiology 

Emory University School of 
Medicine 

Atlanta, Georgia 


Questions and Answers 
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ANSWER #2: Patients receiving lithium 
(Li) can be safely anesthetized, provided 
they are not hyponatremic and provided the 
physician caring for them in the operating 


tween Na, Li, and the commonly used diu- 
For most operative procedures, it is 
necessary to discontinue Li ad- 
n before routine elective surgery. 
ier hand, for most patients facing 
involving a likelihood of major 
od loss, fluid shifts, or the potential need 
for diuretics (cardiac and major vascular 
surgery), the hazards to the patient of con- 
iinuing effective Li therapy would, in my 
udgment, certainly exceed the hazards of 
iscontinuing their Li from the week before 
operation to at least the end of the 1st post- 
operative week. 


















Even at nontoxic levels, Li adds to the 
overall sedative effects of the general anes- 
thetics. However, the Syndrome of severe 
Li toxicity usually occurs only at serum 
levels above 2 mEq/ L, and includes confu- 
sion, muscular weakness, and eventually 
coma and/or convulsions. Cardiac arrhyth- 
mias also occur but are less common than 
neurologic signs. 


The toxicity and the excretion of Li are 
intimately and inversely linked to the serum 
Na level. The symptoms of severe postop- 
erative Li toxicity are quite similar to those 
of severe postoperative hyponatremia. Since 
these 2 syndromes have so much in common, 


463 


it is not surprising that in the presence of 
low Na levels, a patient can develop symp- 
toms of Li toxicity at what otherwise might 
be well-tolerated serum Li levels. 


Unfortunately, not only does decreased 
serum Na concentration increase Li toxicity 
but it also increases the serum Li level. This 
inverse relationship depends on the mecha- 
nism by which the kidney excretes Na and 
Li, both of which readily pass into the glom- 
erular filtrate. Most Na resorption and all 
Li resorption take place in the proximal 
tubule competitively. Anything that de- 
creases the Na concentration in the glomer- 
ular filtrate will facilitate Li resorption and 
hence increase serum Li levels. Thus, for 
any given Li intake, the serum Li level will 
be higher in the presence of dietary Na 
restriction. WU 


In a similar manner, higher serum Li lev- 
els can be produced by the commonly used 
diuretic drugs. These act at Na resorption 
sites distal to the proximal tubule and hence 
increase renal Na excretion but do not di- 
rectly affect renal Li excretion. However, 
the resultant increased Na loss decreases the 
serum Na concentration, which in turn de- 
creases the amount of Na in the glomerular 
filtrate, which (as explained) increases the 
amount of Li resorbed, which increases the 
serum Li level. 


In summary, the twin effects of decreased 
serum Na concentration are (1) to increase 
the severity of Li toxicity (for any given 
serum Li concentration) and, (2) further 
to increase the serum Li concentration. Pro- 
cedures that entail major blood loss or fluid 
Shifts are hence more safely undertaken in 
patients whose Li therapy has been tem- 
porarily discontinued. 


Alan J. Ominsky, MD 

Departments of Anesthesiology 
and Psychiatry 

University of Pennsylvania 

Philadelphia, Pennsylvania 
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QUFSTION: During deliveries by cesarean 
section under general anesthesia, it is the 
practice of some anesthesiologists to increase 
the percentage of inspired O, to the mother 
just before delivery in order to improve 
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fetal oxygenation and thus produce better- 
oxygenated babies. Could you let me know 
if this practice has been proven scientifically 
or experimentally, and could you refer me 
to any relevant information on this topic? 


MD, Wisconsin 


ANSWER #1: I presume that the above 
question is particularly directed at the usual 
thiopental-succinylcholine-N,O technic com- 
monly used before delivery of the fetus. 
The problem must be looked at both from 
the standpoint of N,O concentrations and 
from the standpoint of O, concentrations, 
since raising the concentration of one dimin- 
ishes the concentration of the other. 


Hyperoxygenating the mother beyond a 
Pao., of 300 torr appears to be of little value 
to the fetus, particularly if there is no evi- 
dence of utero-placental insufficiency.’ 
However, fetal blood O, tension up to that 
point increases as the maternal O, tension 
rises: the newborn also evidences diminished 
time to sustained respiration as the maternal 
Pao, is raised. On the other hand, new- 
borns of mothers whose Po, is below 100 
torr and had increased time to sustained 
respiration may be interpreted as having 
had diminished intrauterine well-being. The 
administration of 50 percent O, during the 
immediate predelivery period of anesthesia 
should achieve optimal conditions. However, 
I believe that the practice of suddenly rais- 
ing the Fio. as the uterus is being incised is 
of little value, because the time lapse be- 
tween incision and delivery is a matter of 
seconds and gives little time for the mater- 
nal Pao, to rise and influence the fetal um- 
bilical vein Pos. 


N.O crosses the placental barrier rapidly. 
After 15 to 19 minutes, the umbilical vein 
N.O content represents 79 percent (aver- 
age) of the maternal artery content ( 87% 
equilibration is achieved between 15 and 19 
min). N,O appears to be depressing to the 
newborn. Neonatal depression also appears 
to be directly related to the induction-to- 
delivery interval.?:4 It is therefore probably 
advisable to strive to deliver the baby within 
10 minutes of the induction of anesthesia 
and to maintain as low a concentration of 
N.O as compatible with predictable anal- 
gesia. 


Diffusion hypoxia? in the newborn is an- 
other problem related to the administration 
of high concentrations of N,O. The newborn 
breathing room air while exhaling N.O, 
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which he has acquired via the placenta, has 
the same problems as a patient who has 
been anesthetized with N,O. In combina- 
tion with respiratory depression or lung dis- 
ease, the presence of exhaled N.O can po- 
tentiate an already-dangerous situation. 


In conclusion, high O» concentrations and 
low NO concentrations should be adminis- 
tered during the induction-delivery interval, 
but these should be consistent with predict- 
able analgesia and amnesia. Increasing the 
O, concentration administered to the mother 
just before delivery of the baby is perhaps 
of value but is dependent both upon time 
to delivery and on the unpredictable integ- 
rity of intervillous-space perfusion. It is par- 
ticularly important to maintain high 0, con- 
centrations and low N.O concentrations if 
the induction-to-delivery time is prolonged. 
N.O should be viewed not only with regard 
to its neonatal-depressant properties but 
also as a contributor to diffusion hypoxia. 


William Gottschalk, 
Department of Anesthesiology 
Rush Medical College 
Chicago, Illinois 
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ANSWER #2: While some investigators! ? 
have shown that increasing maternal Po, 
does increase fetal Poo, I am aware of no 
data that would support the practice of giv- 
ing the mother 100 percent O, in the minute 
or two prior to delivery of the newborn at 
cesarean section. There are several reasons 
why this practice does not reallv make 
sense. In the first place, it takes several 
minutes, probably 10 to 15,?:* to significant- 
ly raise the fetal Po, by increasing mater- 
nal Po., so that the time interval in the 
situation under consideration would not be 
adequate to significantly benefit the fetus. 
Secondly, it has been shown that there is 
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no increased benefit to the fetus if the mater- 
nal Po, is above 200 to 300 torr.56 If one 


of the current technics utilizing 50 percent 
~: Os is used for anesthesia, then the maternal 


Po, should already be at that level and 
there would be no advantage in the short 
period of 100 percent O, administration. 
Finally, there is the matter of maternal 
awareness, a possibility with any light anes- 
thetic technic. This risk is greatly increased 
by the practice of administering 100 per- 
cent O, prior to delivery of the newborn.? 





In summary, then, I know of no data to 
support this practice nor can I see anything 
to recommend it. 


-.. Jay S. DeVore, MD 
. Assistant Professor of Anesthesia 
nd of Obstetrics and Gynecology 
— o Northwestern University Medical 
Director of Anesthesia, Prentice 
.— Women's Hospital 
. Chicago, Illinois 
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UTERINE ARTERY CONSTRICTION. The uterine artery response to lidocaine. was 
determined in-vitro. All arterial segments obtained from 6 patients at Cesarean hyster- 
ectomy contracted when exposed to lidocaine 1000 «g/ml without preservative or epi- 
nephrine. The tension developed by arteries from pregnant uteri was significantly greater 
than that observed in 4 arterial strips taken from nonpregnant uteri. The explanation 
for greater responses in the specimens from pregnant uteri is not known but may reflect 
the fact that the gravid vessel is larger and capable for stronger contractions. Clinically, 
these observations may suggest another possible mechanism for fetal bradycardia asso- 
ciated with paracervical block. However, in-vivo data are needed to confirm these in-vitro 
effects of lidocaine on the uterine artery. (Gibbs CP, Noel SC: Human uterine artery 
responses to lidocaine. Am J Obstet Gynecol 126:313-315, 1976) 
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MALIGNANT HYPERTHERMIA 
SYNDROME 


To the Editor: 


I believe the article by Fraser and cowork- 
ers! summarizes many of the important 
steps in the treatment of the malignant hy- 
perthermia (MH) syndrome. However, I 
take issue with their recommendation for 
the use of chlorpromazine as part of the 
treatment of MH. Chlorpromazine and caf- 
feine have been shown to have similar effects 
on skeletal muscle in vitro. Both drugs 
cause muscle contracture by themselves and 
both enhance the contractile response of 
human muscle to halothane. 'The augmenta- 
tion caused by chlorpromazine is greater 
than that with caffeine. Finally, chlorpro- 
mazine, in high enough concentrations, may 
uncouple mitochondrial respiration, possibly 
leading to inefficiencies of ATP produc- 
tion.? 


Although clinically, chlorpromazine has 
been used as an adjunct in the treatment of 
MH, its role in reducing temperature is hard 
to evaluate because of all the other thera- 
peutic maneuvers taking place simultane- 
ously. Also, its effects may be related to 
dose administered. 


The butyrophenone compounds (haloperi- 
dol and droperidol) may be helpful in the 
treatment of MH, since they have been 
shown to reverse or inhibit the characteristic 
contracture response of malignant hyper- 
thermic muscle during exposure to halo- 
thane.? 


Although dantrolene sodium is not yet 
available for IV use, the oral preparation 
of this drug has been recommended as a pre- 


treatment for patients with known suscepti- 
bility to MH, prior to undergoing surgery. 


Henry Rosenberg, MD 
Department of Anesthesia 
University of Pennsylvania 
Philadelphia, Pennsylvania 
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To the Editor: 


We thank Dr. Henry Rosenberg for 
properly pointing out that chlorpromazine 
may well be contraindicated in the treat- 
ment of MH. We have deleted from our 
protocol any reference to chlorpromazine to 
obtain a degree of vasodilatation, based on 
the animal and human in-vitro muscle stud- 
ies cited by Dr. Rosenberg. 


John G. Fraser, MD 

Department of Anesthesiology 

Case Western Reserve University 
School of Medicine 

Cleveland, Ohio 


. Sign, simply exe 
* is food for thought. I am sure “paired analy- 
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A QUESTION OF STATISTICS 
To the Editor: 


.I was interested to read the results of the 
work of Drs. Viegas and Stoelting,! indicat- 
ing that chronic pretreatment with pheno- 

rbital (PB) did not decrease halothane 
MAC in dogs. In view of the fact that 
MACs may add and that some other adju- 
vants reduce MAC, one might have ex- 
pected halothane MAC to be reduced in the 
presence of significant serum levels of a 
CNS depressant like PB. Clinical experi- 
ence and logical speculation have led others 
to that same conclusion and this, I suspect, 
was the impetus for the study. 





Without criticizing the experimental de- 
ly examining the numbers, there 





* 


Sis" with Student's t-test was not used. Cer- 
tainly it would be inappropriate, and using 
it myself with the 2 extremes of pairing for 
the results published, I obtained the follow- 
ing 2 values: p«0.1 and p>0.25. More 
likely, Student's t-test for 2 means with pop- 
ulation standard deviation (SD) unknown 
was used, and my use of this test results in 
0.15 p 0.05. 


Further, using data available in the litera- 
ture on 1 MAC halothane in normal dogs, 
I formed an unbiased estimate of the popu- 
lation SD for 1 MAC halothane in normal 
dogs (data pooled from control values of 8 
other studies: N = 85). Applying the stand- 
ard normal variable for comparison of 2 
means with population SD known (my 
uted value) to the published figures, I 
p - 0.055. Now, the decision to 
the statistical significance cutoff at 
p =0.05 is purely arbitrary. With this cutoff 
value, we are accepting the possibility of 
reaching a significant conclusion based on 
nonsignificant data 1:20 times (a type-I 
error). Accepting as significant p — 0.055 
(as I obtained above) permits this error 
less often than 1:18 times. When one sees 
results such as these published by Drs. 
Viegas and Stoelting, which go in the direc- 
tion and nearly to the extent anticipated by 
logic and clinical experience, and represent 
a 9.5 percent reduction in MAC, there are 
cogent arguments for considering such re- 
sults as significant or at least for not attach- 
ing the stigma of nonsignificance. 












One further consideration lends strength 
to the above argument. Using my popula- 
tion SD, compute the mean value for the 
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PB-treated group that would just barely be 
a significant (p<0.05) change from the con- 
trol values published. Assume that value as 
the population mean for all PB-pretreated 
dogs, and compute the probability that the 
published nonsignificant values might have 
come from that population. The result is a 
greater-than-35-percent chance of a type-II 
error (ie, selecting a sample from a popula- 
tion which is significantly different from 
control but the sample itself does not dem- 
onstrate this difference). 


Much of what I have presented is numeri- 
cal manipulation and analysis based on con- 
jecture, but none of it is far-fetched. The 
point is that what may be statistically “non- 
significant" is not necessarily insignificant. 
I submit that with no change in experimen- 
tal design, a modest increase in numbers 
would produce better results. Armitage's 
discussions of sequential testing?? might be 
of particular value in continuing the study. 


Denis L. Bourke, MD 

Department of Anesthesiology 

Tufts University School of Medicine 
Boston, Massachusetts 
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To the Editor: 


We thank Dr. Bourke for his constructive 
comments regarding the design and inter- 
pretation of our study. He is correct that 
a "paired analysis" was not used to analyze 
these data. This was the author's typo- 
graphical error. We used the appropriate 
Student's t-test for analysis of unpaired data 
and found that the average 9.5 percent re- 
duction in halothane MAC in dogs treated 
with PB was not significantly different 
(p>0.05) from MAC in untreated animals. 
As pointed out, p« 0.05 is an arbitrary but 
traditional level for statistical significance. 
We felt that 6 animals were sufficient to 
demonstrate the magnitude and significance 
(statistical and clinical) of any PB-pro- 
duced change in halothane MAC. However, 
we agree that attaching the "stigma" of sta- 
tistical nonsignificance to our data would be 
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undesirable if a larger sample size would 
have converted this magnitude of MAC re- 
duction to statistical significance. Only an 
additional study using a larger sample size, 
or preferably a before-after PB treatment 
determination of halothane MAC in the 
same animals, will answer this question. Un- 
til such data are available, we conclude that 
the average 9.5 percent reduction in halo- 
thane MAC observed in animals treated 
chronically with PB was both clinically and 
statistically insignificant. 


Oscar Viegas, MD 

Robert K. Stoelting, MD 

Department of Anesthesia 

Indiana University School 
of Medicine 

Indianapolis, Indiana 


FURTHER DATA ON EPINEPHRINE 
INTERACTIONS 


To the Editor: 


We read with interest the article by Dr. 
Richard R. Johnston and coworkers on epi- 
nephrine interactions.! 


The opening paragraph states: “. . . No 
reports have demonstrated the interaction of 
epinephrine with either agent in man nor 
has a comparison been made with a drug 
such as halothane, which is known to sensi- 
tize the heart," We would like to point out 
to our colleagues that in the November- 
December 1974 issue of this Journal, we? 
published, simultaneously with Konchigeri,? 
the first evaluation of the interaction of en- 
flurane and subcutaneously injected epi- 
nephrine in man. We further published a 
comparative study with halothane in the 
July-August 1975 issue.* In this latter study 
we demonstrated an incidence of 1 percent 
ventricular arrhythmias when enflurane an- 
esthesia was used with epinephrine, while 
the occurrence with halothane and epineph- 
rine was 7 percent, a confirmation of Katz's 
earlier work. 


Drs. Johnston, Eger, and Wilson have 
made a significant contribution in that they 
have demonstrated a dose-response relation- 
ship and that the dose of epinephrine re- 
quired to produce arrhythmias is increased 
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in the presence of lidocaine when halothane 
anesthesia is used. - 


Laurence S. Reisner, MD 
Maurice Lippmann, MD 
Department of Anesthesiology 
UCLA School of Medicine 
Harbor General Hospital Campus 
Torrance, California 
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To the Editor: 


We apologize for our oversight in not ref- 
erencing the previous work of Drs. Reisner 
and Lippmann as well as that cf Dr. 
Konchigeri's group. Nonetheless, we believe 
our statement is correct that “no reports 
have demonstrated the interaction epi- 
nephrine with (isoflurane or enflurane) in 
man nor has a comparison been made with 
a drug such as halothane, which is known 
to sensitize the heart." Such a demonstra- 
tion requires the elimination of irrelevant 
and potentially confounding influences. This 
was done in our study but not in previous 
work, which permitted the administration 
of muscle relaxants, barbiturates, benzodi- 
azepines, narcotics, and/or local anesthetics 
prior to or during the measurement of the 
anesthetic-epinephrine interaction. Ail of 
these drugs may affect cardiac rhythm and 
performance. Our report itself documents 
the substantial protection against epineph- 
rine-induced ventricular extrasystoles af- 
forded by the concomitant injection cf lido- 
caine. 


Perhaps of greatest importance was the 
failure of previous studies to obtain dose- 
response curves in humans for the epineph- 
rine effect during anesthesia. The absence 
of such curves precluded any quantitative 
and, in the case of studies prior to our own, 


Correspondence 


even a qualitative comparison of the sensi- 
tization produced by different agents. For 
example, the 7 percent incidence of ventric- 
-ular arrhythmias with halothane-epineph- 
rine noted above by Drs. Reisner and 
Lippmann is more than double their control 
incidence (325) with halothane alone. But 
how can this be related to the 1 percent 
incidence with enflurane-epinephrine when 
the control incidence with enflurane alone 
was zero? 


We appreciate that the reports by Reisner 
and Lippmann or Konchigeri and his asso- 
ciates do suggest the relative innocuousness 
of epinephrine injection during clinical an- 
esthesia. Both their reports and ours indi- 
cate that the usual hemostatic epinephrine 
dose in the presence of the usual dose of 
halothane or enflurane, with or without a 
variety of adjuvant drugs, does not result 
in an alarming appearance of premature 
ventricular extrasystoles in the average 
patient. 

Richard R. Johnston, MD 
Edmond I. Eger, II, MD 
Departments of Anesthesia 
and Pharmacology 
University of California 
San Francisco, California 
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SIMPLIFIED TECHNIC OF AIR 
ENCEPHALOGRAPHY 


To the Editor: 


Elwyn and associates! recently described 
the use of 100 percent N.O instead of air as 
the contrast material in pneumoencephalog- 
raphy during NO anesthesia in a large se- 
ries of pediatric patients. This technic re- 
sults in more rapid absorption of the con- 
trast gas from the subarachnoid space, there- 
by eliminating cerebrospinal fluid (CSF) 
pressure. increases and reducing the inci- 
dence and severity of poststudy headaches 
and emesis. When 100 percent N.O is in- 
jected intrathecally while the patient 
breathes 75 percent N.O, the volume of 
N.O injected must be 2 to 4 times the 
volume of the CSF removed. 


The report by Paul and colleagues? de- 
scribes the use of N,O encephalography in 
l patient in whom the CSF pressure re- 
mained unchanged, whereas the use of O, 
as the contrast medium caused significant 
elevations in CSF pressure in 7 other pa- 
tients. All 8 patients received N.O anesthe- 
sia. 
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For the past 18 months, we have been 
successfully using a different N,O encepha- 
lography technic, which employs identical 
concentrations of N.O for intrathecal injec- 
tion and maintenance of anesthesia. The 
volume of N.O injected intrathecally is then 
the same as the volume of CSF removed. 
Anesthesia is induced with 70 percent N,O 
and an IV infusion established. After tra- 
cheal intubation with the aid of muscle 
relaxants, lumbar puncture is performed 
with the patient in the sitting position. N-O 
in the same concentration delivered to the 
patient'S respiratory system is injected in- 
trathecally with a syringe. This N.O is ob- 
tained from the common gas outlet of the 
anesthesia machine, using a 18-gauge needle 
inserted in rubber latex tubing; the needle 
is connected by a sterile IV extension tub- 
ing and bacterial filter to the syringe used 
for injection. 


This technic would not be appropriate if 
vaporized anesthetic agents were also being 
administered through the anesthesia sys- 
tem. Also, the gas for injection must be 
drawn as it exits from the anesthesia ma- 
chine but before it passes through a humidi- 
fier, CO, absorber, or other potential source 
of particulate matter or infection. In our 
opinion, this technic further reduces the 
likelihood of CSF pressure increases, and 
facilitates performance of the procedure by 
permitting a volume-for-volume exchange of 
CSF with gas. 


Eugene K. Betts, MD © 

Department of Anesthesia 

The Children’s Hospital of 
Philadelphia 

The University of Pennsylvania 

Philadelphia, Pennsylvania 
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ADAPTATION OF DOPPLER 
BINAURAL HEADSET FOR USE WITH 
A PERSONALIZED EARPIECE 


To the Editor: 


The use of Doppler blood pressure moni- 
toring units is now well established, 
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FrcvRE. View of an earpiece demonstrating the 
plastic tubing attached to the surface. 


particularly in pediatric anesthesia. Audio 
reproduction of the electronic signal is ac- 
complished through an internal speaker, a 
monaural earpiece, or a binaural headset. 
The internal speaker adds to the ambient 
noise level in the operating room and costs 
one third more, while the commercially 
avallable monaural earpiece is a rather ex- 
pensive addition. In our experience, the bin- 
aural headset produces the best signal repro- 
duction, but the headset is bulky and iso- 
lates the user from the operating room 
environment. 


Weeks! reported the use of a separate 
earphone modified to be compatible with the 
personalized earpiece. We have further sim- 
plified the approach to this problem by 
modifying a commercially available binaural 
headset. A short length of 2.4-mm (3/32nd 
inch) ID plastic tubing, with the end cut 
to a bevel, is glued to an internal surface of 
one earpiece (figure). The remainder of the 
tubing is threaded beneath the edge of the 
earpad and glued to the external surface of 
the headset. The personalized earpiece then 
connects to this tubing through an appro- 
priate extension. In use, the 2 ear cups are 
taped together in firm apposition to provide 
maximum amplification of the sound. 


The primary advantages of the modifica- 
tion are simplicity and low cost. Anyone 
who possesses a Doppler system with a bin- 
aural headset can modify that headset, as 
described, in 30 minutes for a total cost of 
30 cents. Additionally, the tubing is not 
subject to being lost, sound reproduction is 
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excellent, and the user may return to the 
binaural earphone at any time. Clinically, 
we have been thoroughly satisfied with its 
ease of use with neonates, and feel that this 
modification markedly increases the useful- 
ness of the binaural earphones. 


C. F. Ward, MD 

George Ozaki, AS 

Department of Anesthesiology 

University of California 
Medical Center 

San Diego, California 
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IS ROUTINE LABORATORY (SMA) 
SCREENING JUSTIFIED? 


To the Editor: 


I believe comments are in order regard- 
ing the conclusions reached by Dr. Schemel's 
article! regarding laboratory screening in 
the November-December issue, 


First, if these tests were done in a hospi- 
tal laboratory in this locale, the cost for 
7620 patients would total $175,260 which 
calculates to be $15,932 per positive screen 
or $58,420 for each patient who subsequent- 
ly became jaundiced. This does not include 
the additional expense necessary to estab- 
lish a diagnosis in these patients. To apply 
this expenditure on a routine national ad- 
missions basis, cost should be considered in 
making such a recommendation. 


Second, in recommending that routine 
laboratory screening should be done, there 
is a possibility that the author is inadver- 
tently setting a standard of practice which 
may look attractive to claim seekers of med- 
ical negligence in the event that these tests 
are not performed. 


As a final note, one wonders what became 
of the concept that laboratory work should 
be done when indicated in the management 
of a specific case. 


E. Ford Crider, MD 
Toledo, Ohio 
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To the Editor: 


Thank you for asking me to reply to Dr. 
Crider's letter. 


I too thought about the problem of setting 
a standard of practice that was not univer- 
sally available. However, it was not for hos- 
pitals like Dr. Crider’s, that apparently have 
the equipment to do simultaneous multiple 
analysis (SMA), but the smaller hospitals 
that do not have the volume of tests that 
would make the installation of this equip- 
ment economically feasible that concerned 
me. I still feel that these determinations are 
of great value and their use should be rec- 
ommended now so universal availability will 
become a reality in the future. 


Dr. Crider makes some very interesting 
cost analyses. It is perhaps a little unfair 
to total out the cost of an 18-parameter test 
and apply all of the cost against one body 
organ, namely the liver. The original article, 
“Unexpected hepatic dysfunction found by 
multiple laboratory screening,” only con- 
cerned itself with 3 of the SMA-18 tests and 
their particular relationship to liver disease 
in presumably healthy patients. The article 
mentions that the other tests have proven 
to be of value in the diagnosis, treatment, 
and anesthetic management of individual 
cases; but since they were not relevant to 
the specific topic, they were not included 
in the paper. 


At the time of the original study, it cost 
$14/patient to do the SMA-18, the cost of 
doing the same 18 tests on an individual test 
basis being well over $80. Today, the cost 


of the SMA-18 at our hospital is $16, com- 
pared with the cost of a single blood-sugar 
or BUN at $9.50 each. Thus, we can get 
the SGOT, SGPT, LDH, alkaline phospha- 
tase, total bilirubin, creatinine, uric acid, 
cholesterol, inorganic P, K*, Na‘, Ca", Ck, 
albumin, total protein, glucose, BUN, and 
CO, for less than the cost of a blood sugar 
and BUN alone. This is truly one of the 
rare bargains in medicine today. On most 
SMA equipment, it is also possible to frac- 
tionate some of the test out of the larger 
group. At our hospital we can get an SMA-6 
for $5; that includes the K^, Na’, Ch, CO., 
BUN, and glucose. The problem remains 
that the equipment is expensive and one 
needs a fairly large volume of tests to make 
the installation and operation an economic 
reality. Accountants show that the total cost 
of running the laboratory, including the 
screening tests, will decrease with automa- 
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tion of equipment, provided a set minimum 
number of tests are done each day. It is not 
my intention to sell laboratory equipment, 
but only to show that the routine use of the 
SMA-18 does not necessarily add signifi- 
cantly to the cost of hospital care and may 
even decrease it. 


Justification of the use of. Screening pro- 
cedures in general is a controversial sub- 
ject. My opinion is that most physicians 
favor screening tests. Physicians have been 
using screening procedures for many years 
and these have evolved into what we call a 
complete history and physical examination. 
In addition to these, the blood count and 
urinalysis have become prerequisites to an- 
esthesia and surgery in most places and 
some add to this a chest x-ray and even an 
ECG if the patient is over age 40. Why not, 
then, do the SMA-18? If a patient presented 
for an annual physical examination, would 
not some additional parameters be tested, 
such as a blood sugar and BUN? It seems 
to me that the same standards of care should 
be applied to the patient about to undergo 
the stress of anesthesia and surgery. 


Screening tests are not intended to be 
diagnostic but to separate patients who may 
need further study leading to a diagnosis, 
With the availability of simple, accurate, 
rapid, and reproducible biochemical testing, 
it is to be expected that the laboratory will 
take a greater role in patient evaluation. 
Indeed, laboratory profiling may be consid- 
ered a most important component of pa- 
tient evaluation, ranking with the history 
and physical examination. 


We have had some moments of extreme 
satisfaction by detecting unsuspected con- 
ditions such as diabetes, hepatitis, renal 
disease, hyperparathyroidism, and even seri- 
ous hypokalemia in apparently healthy pa- 
tients taking diuretics for overweight. How- 
ever, the greatest benefit may be in the 
documentation of normal findings and the 
knowledge that this particular patient is 
truly healthy. 


As regards malpractice, it is far better to 
find any hidden disease, diagnose it, and 
treat it before the picture is complicated 
by anesthesia and surgery. “An ounce of 
prevention is worth a pound of cure.” 


I heartily agree with Dr. Crider, “that 
laboratory work should be done when indi- 
cated in the management of a specific case.” 
In the patients found to have abnormally 
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elevated enzyme levels, would not “the addi- 
tional expense necessary to establish a diag- 
nosis” be justified? 


William H. Schemel, MD 

Department of Anesthesiology 

Sisters of Charity Hospital of 
Buffalo 

Buffalo, New York 


* * * 


KETAMINE-PENTOBARBITAL 
MATERNAL ANESTHESIA AND FETAL 
SURVIVAL IN THE GUINEA PIG 


'To the Editor: 


While trying to develop a model for 
studying in-vivo placental transport in the 
pregnant near-term guinea pig, we were 
confronted with the classical anesthesiologic 
problem of a high rate of fetal mortality fol- 
lowing pentobarbital administration (20 to 
30 mg/kg body weight) .!? 


To circumvent this problem, initially a 
dose of ketamine (dl-2-[0-chloropheny! |-2- 
[methylamino] cyclohexanone) hydrochlo- 
ride, a nonnarcotic, nonbarbiturate agent for 
anesthetic use, was injected intramuscularly. 
This drug reduces the required dose of bar- 
bituratés administered intravenously to one- 
sixth to one-fourth of the usual dose. 


As a result, in a series of 40 consecutive 
experiments, we found that 100 percent of 
the fetuses remained alive during the pla- 
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cental transport study, which lasts from 2 
to 4 hours. 


The following protocol was found to be 
most effective: The pregnant guinea pig is 
given an intramuscular injection of keta- 
mine hydrochloride (20 mg/kg). Twenty 
minutes later, sodium pentobarbital (6 mg/ 
kg) is injected into the jugular vein. For 
ease of administration of this drug, the cal- 
culated dose is diluted to 1 ml total volume 
with physiologic saline. One-half of the dose 
is injected within 30 seconds and the bal- 
ance is administered in fractional doses with 
intermittent pauses. 


This technic is easy and highly effective, 
and we feel that it is worthy of considera- 
tion by all workers involved in research on 
pregnant guinea pigs where the survival of 
the fetus is essential. 


Pedro Rosso, MD 

Jorge A. Bassi, MD 

Institute of Human Nutrition 
Columbia University 

Health Science Center 

New York, New York 
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Manuscripts should be sent to: 


Nicholas M. Greene, M.D. 
Editor in Chief, Anesthesia and Anal- 
gesia .. . Current Researches 


Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


EDITORIAL POLICIES 


Manuscripts are accepted for considera- 
tion with the understanding that the mate- 
rial they present, including tables, figures, 
and data therein, has been neither previ- 
ously published nor submitted for publica- 
tion elsewhere. 


Types of materials published include orig- 
inal articles, brief reports, case reports, 
review articles, and letters to the Editor. 
Original articles describe in 3000 words or 
less clinical or laboratory investigations. 
Brief reports describe in 1000 words or less 
anesthetic technics or equipment of demon- 
strable originality, usefulness, and safety. 
Case reports describe in 1000 words or less 
new and instructive clinical experiences or 
clinical material. Review articles of 2500- 
4000 words collate, describe, and evaluate 
previously published material for the estab- 
lishment of new concepts. Letters to the 
Editor, less than 300 words in length, in- 
clude brief constructive comments concern- 
ing previously published articles or brief 
notations of general interest. Preliminary 
or incomplete reports are not accepted, nor 
are manuscripts containing fragments of ma- 
terial better incorporated into a single 


paper. 


Peer review. All papers are reviewed by 
three or more referees. Acceptance is based 
upon significance, originality, and validity 
of the material presented. Every effort will 
be made to advise authors within four weeks 
whether papers are accepted, rejected, or 
need revision prior to further consideration 
for possible publication. 


Legal and ethical considerations. lnfor- 
mation or illustrations must not permit 
identification of patients. Reports describ- 


ing data obtained from experiments per- 
formed in humans must contain a statement 
in the Methods that institutional approval 
of the investigation and informed consent 
were obtained. Reports describing data ob- 
tained from experiments performed in ani- 
mals must clearly indicate that humane 
standards equal to those described by the 
American Physiological Society were em- 
ployed. 


Illustrations and other materials taken 
from other sources must be properly cred- 
ited and assurance provided that permission 
for reproduction has been obtained from the 
copyright owner and author. 


Editing. All papers wil be edited for 
clarity, style, factual accuracy, internal log- 
ic, and grammar. Papers extensively copy 
edited will be returned to the author(s) for 
retyping. Editing will include addition to 
the Abstract of key words for indexing pur- 
poses. 


MANUSCRIPTS 


Submit an original and two copies of all 
material, including illustrations. Number 
each page at top center. Use double spacing 
throughout. Use no single spacing (even in 
legends and references). 


Include a covering letter stating that the 
material has not previously been published 
or submitted elsewhere for publication. 
Identify in the letter the name and address 
of the author to whom correspondence is to 
be directed. 


Title page. Make the title concise. Avoid 
“Effect of" and similar noninformative 
phrases. List academic rank and affiliation 
of each author. Restrict the number of au- 
thors to those making material contribu- 
tions. The senior author will be asked to 
justify the inclusion of more than four co- 
authors. Include on the title page where 
the work was done, sources of support (if 
any), and name and address of the indi- 
vidual to whom reprint requests are to be 
addressed. Use double spacing throughout. 


Abstract. On a separate page present a 
complete yet brief synopsis of what was 
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studied, why it was studied, what the re- 
sults were, and what the conclusions are. 
Use double space. Do not exceed one page. 
The Abstract is page one. Brief reports, case 
reports, and review articles need no ab- 
Stracts but instead should conclude with 
brief summarizing paragraphs. 


Text. Original articles contain four parts: 
Introduction; Methods and Material; Re- 
sults; and Discussion. 'The start of the In- 
troduction is page two; number all follow- 
ing pages sequentially. Conclude the Dis- 
cussion with a paragraph summarizng con- 
clusions. 


Abbreviations. Define all abbreviations 
except those approved by the International 
System of Units for amount of substance, 
mass, length, time, temperature, electric cur- 
rent and luminous intensity. Do not syn- 
thesize new or unusual abbreviations. When 
many abbreviations are used, include all in 
a box of definitions at the start of the arti- 
cle. 


Symbols. Define all symbols when first 
used. Respiratory symbols must follow J 
Pappenheimer et al: Standardization of def- 
initions and symbols in respiratory physio- 
logy. Fed Proc 9:602-605, 1950. 


Drug names. Use generic names. Brand 
names, when used, appear in parentheses 
following generic names. 
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approved by the International System of 
Units, e.g., metre, kilogram, and litre for, 
respectively, length, mass, and volume. Re- 
port concentrations and amounts of sub- 
stances in molar units (e.g. moles per litre), 
not in mass units (milligrams per cent) 
when feasible; when not feasible, give both. 
Report partial pressures in mm Hg or torr. 
See D S Young: Standardized reporting of 
laboratory data. N Engl J Med 290 : 368-373, 
1974. 


References. Start references on a new 
page. Number pages of references sequen- 
tially from the last page of the text. Include 
only references that are necessary. Check 
references to assure that each is correctly 
quoted and that titles (especially those in 
foreign languages), pagination, and year 
are accurate. Double space references. Use 
no single spacing. Type reference numbers 
in the text in parentheses as suprascripts 


(above the line of text). Number references 
in the order in which they are cited except 
in review articles, where references may 
be arranged alphabetically. Abstracts are 
rarely acceptable references. Proceedings of 
and papers presented at meeting are never 
acceptable as references unless indexed in 
Index Medicus; such material may on occa- 
sion be cited in a footnote as “personal com- 
munication.” Manuscripts submitted for 
publication or in preparation are not accept- 
able as references. Use the following for- 
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For journals: provide complete pagina- 
tion; abbreviate journals only as in Index 
Medicus; cite all authors if 3 or less; if 
more than 3 authors including names of 
first 3 authors, followed by et al: e.g.: 
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illustrations with each copy of the manu- 
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appearance on a label on the back, together 
with first author's name and an arrow to 
indicate top edge. 


Legends. Type a separate legend for each 
illustration on a separate page. Double 
space. Use no single spacing in legends. 
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the anxiety that may complicate premedication, 
induction and recovery room emergence. 

It has no clinically significant depressant 
effects on respiratory or circulatory function 
and often reduces postoperative emesis. 

Vital signs are seldom impaired. Involuntary 
motor activity, including rare instances of 
tremor and convulsions, has been reported, 
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nd, because it may enhance the effect of 
injectable analgesics, requirements of narcotic 
and nonnarcotic analgesics, such as meperidine, 
morphine sulfate and pentazocine, should 
be reduced. 

Vistaril I.M. is physically compatible with 
most commonly used analgesics, and can be 
mixed with them in the same syringe. 

Alone, or as an adjunct for use with injectable 
analgesics, the maximum recommended dosage 
of Vistaril I.M. is 100 mg. Because of Vistaril 
I.M.’s potentiating effect on narcotics, when 
it is used concomitantly with 
these agents, their dosages may be 
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Brief Summary 

VISTARIL? (hydroxyzine hydrochloride) intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of centra! nervous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
tor intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the thigh. 








in infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in order 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults and 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be mace in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitory 
and may disappear in a few days of continued therapy or upon dosage 
reduction. Dryness of the mouth may occur with higher doses. Involun- 
tary motor activity, including rare instances of tremor and convulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCI} Intramuscular Solution: 25 mg i mh 
10 mi. vial; 50 mg./mi.—2 ml. and 10 mi. vial; Isoject®, 25 mg./ ml. and 
50 mg./ mi., 1 ml. fill; 100 mg./2 mi, 2 ml, fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./ ml, 10 ml. vial) i 
VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 mi. vial) 


More detailed professional information available on request. 
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Non-conductive 
blood pressure cuffs ... 


in color! 


Color-code your departments! Dupaco offers 
high quality non-conductive blood pressure 
cuffs in red, blue denim, paisley or plaid. 
Monogramming available up to 20 

stitched letters, with department or 
individual's name. 


Stain resistant, washable, with velcro 

: attaching strips for Dupaco Diasyst.® Sizes 
a listed below. For more information write: 

l Dupaco Inc., P.O. Box 98, San Marcos, CA 











92069. 

Adult 534" x 22" 
Medium Adult 5" x 1734" 
Child 334" x 14%" 





Infant 254" x 11%” 










DUPACO 


INCORPORATED 





IM 


RALS POWER UNIT 


.. . INSTANT ATOMIZATION FOR 
FAST TOPICAL ANESTHESIA 


Fast, measured topical anesthesia is ready at your 
finger tips in a Rals Power Unit. Forget about pumping 
bulbs, uneven atomization, and limited spraying dura- 
tion. The Rals Power Unit uses a non-toxic propellant, 
dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No's. 151, 152 and 163. Instantly, 
a fine mistlike spray is produced. A graduated solution 
vial is available for measuring the amount of solution 
administered. 

The Rals Power Unit has been proven effective in 
cocainization prior to endotracheal intubation, endo- 
scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rais Power Unit #168 are supplied six to a box with 
adaptor top and metal base. Illustration shows 4152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERATURE, PRICE LIST. 


RALS LABORATORIES DIVISION 
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ScHuemann 


aboiatoues. Gre, 


480 WEST AURORA ROAD - NORTHFIELD, OHIO 44067 | ania — Si .45 
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In general 
or regional 
anesthesia 


when you need a flexible narcotic 
suppiement 













In outpatient 
procedur 


when you want rapid emergenc 
minimal "hangover effect 





















In diagnostic or 
‘neurosurgical 
rocedures 


| | when you want the patient to change 
position or respond to commandas 
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Potent narcotic analgesic action... 
with an added dimension of control 


SUBLIMAZE'" (fentanyl) provides: 


e Profound analgesia with minimal 
cortical depression 





e Rapid onset of analgesia — 
peak effect within 5 minutes I. V., 8 minutes I.M. 


e Short duration of analgesic action 
30 to 60 minutes with a single I. V 
dose of up to 0.1 mg. (Respiratory depressant 
effects may last longer than the 
analgesia.) 





e immediate reversibility by narcotic 
antagonists 


e Little or no histamine release — 
decreased risk of cardiovascular instability 


e Minimal emetic effect — 


Nas been used successfully to prepare nonfasting 
patients for awake intubation 


SUBLIMAZE: 


(fentanyl) injection 


0.05 mg./ml. asthe citrate Sodium hydroxide j adjustment of pH to 4.0-7.5 
Warning: May be habit forming 
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fentanyl) injection 


0.05 mami. as the citrate 


Sodium hydroxide for adjustment of pH to 4.0-7.5 


Warning: May be habit forming 


INDICATIONS SUBLIMAZE (fentanyl) is indicated: 


~ for anaígssic action of short duration during the anesthetic periods, premedi- 
cation, induction, and maintenance, and in the immediate postoperative period 
fracovery room) as the need arises. 

-for use as a narcotic analgesic supplement in general or regional anesthesia. 
—for administration with a neuroleptic such as INAPSINE® (droperidol) injection 
as an anesthetic premedication, for the induction of anesthesia and as an 
adiunct in the maintenance of general and regional anesthesia. 
CONTRAINDICATIONS SUBLIMAZE (fentany!} is contraindicated in patients 
with known intolerance to the drug. 

WARNINGS AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE 
RECEIVED SUBLIMAZE (fentanyl) SHOULD HAVE APPROPRIATE SURVEIL- 
LANCE. 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE 
READILY AVAILABLE TO MANAGE APNEA. 

See aiso discussion of narcotic antagonists in Precautions and Overdosage. 
if SUBLIMAZE (fentanyl) is administered with a tranquilizer such as INAPSINE 
(droperidol), the user should familiarize himself with the specia! properties of 
each drug, particularly the widely differing durations of action. In addition, when 
such a combination is used fluids and other countermeasures to manage 
hypotension should be available. 

As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE 
(fentanyl) persists longer than the measured analgesic effect. The total dose of 
all narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, should be used in reduced doses 
initially, as low as 1/4 to 1/3 those usually recommended. SUBLIMAZE (fentanyl) 
may cause muscie rigidity. particularly involving the muscles of respiration. The 
effect is related to the speed of injection and its incidence can be reduced by 
the use of siow intravenous injection, Once the effect occurs, it is managed by 
the use of assisted or controlled respiration and, if necessary, by a neuromuscu- 
lar blocking agent compatible with the patient's condition. 

Drug Dependence ~ SUBLIMAZE (fentany!) can produce drug dependence of 
the morphine type and therefore has the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported 
with narcotic analgesics. Since the safety of fentanyl in this regard has not been 
established, the use of SUBLIMAZE (fentanyl) in patients who have received 
MAO inhibitors within 14 days is not recommended. 

Head injuries and Increased Intracranial Pressure - SUBLIMAZE (fentanyl) 
should be used with caution in patients who may be particularly susceptible to 
respiratory depression, such as comatose patients who may have a head injury 
or brain tumor. in addition, SUBLIMAZE (fentanyl) may obscure the clinical 
course of patients with head iniury. 

Usage in Children — The safety of SUBLIMAZE (fentany!) in children younger 
than two years of age has not been established. 

Usage in Pregnancy - The safe use of SUBLIMAZE (fentany!) has not been 
established with respect to possible adverse effects upon fetal development, 
Therefore, it should be used in women of childbearing potential oniy when, in 
the judgment of the physician, the potential benefits outweigh the possible 
hazards. There are insufficient data regarding placental transfer and fetal ef 
fects; therefore, safety for the infant in obstetrics has not been established. 
PRECAUTIONS The initia! dose of SUBLIMAZE (fentanyl) should be appro- 
priately reduced in elderly, debilitated and other poor-risk patients. The effect of 
the initial dose should be considered in determining incremental doses. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves. 
Through other mechanisms (see Actions) SUBLIMAZE (fentanyl) can aíso alter 
respiration. Therefore, when SUBLIMAZE (fentanyt) is used to supplement these 
forms of anesthesia, the anesthetist should be familiar with the physiological 
aiterations involved, and be prepared to manage them in the patients selected 
for these forms of anesthesia. When used with a tranquilizer such as /NAPSINE 
(droperidol), blood pressure may be altered and hypotension can occur. 
Vital signs should be monitored routinely. 

SUBLIMAZE (fentanyl) should be used with caution in patients with chronic 


obstructive pulmonary disease, palients with decreased respiratory reserve 
and others with potentially compromised respiration. in such patients. narcotict 
may additionally decrease respiratory drive and increase airway resistance 
During anesthesia, this can be managed by assisted or controiled respiratior 
Respiratory depression caused by narcotic analgesics can be reversed b 
narcotic antagonists. Appropriate surveillance should be maintained becaus: 
the duration of respiratory depression of doses of fentanyl employed dunni 
anesthesia may be longer than the duration of the narcotic antagonist actor 
Consult individual prescribing information (Ievailorphan, nalorphine ant 
naloxone) before employing narcotic antagonists. 

When a tranquilicer such as /NAPSINE (droperidol is used with SUBLIMAZI 
tfentanyl), pulmonary arteria! pressure may be decreased. This fact should b: 
considered by those who conduct diagnostic and surgical orocedures wher 
interpretation of pulmonary arterial pressure measurements might determim 
final management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers. narcotics, an 
general anesthetics) will have additive or potentiating effects with SUBLIMAZI 
(fentany!). When patients have received such drugs. the dose of SUBLIMAZ! 
(fentanyl) required will be less than usual. Likewise, following the administra 
tion of SUBLIMAZE (fentany!), the dose of other CNS depressant drugs shoul 
be reduced. 

SUBLIMAZE (fen:anyl) should be administered with caution to patients with live 
and kidney dysfunction because of the importance of these organs in th 
metabolism and excretion of drugs. 

SUBLIMAZE (ertany!) may produce bradycardia, which may be treated wil 
atropine; however, SUBLIMAZE (fentanyl) should be used with caution in pe 
tients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as INAPSIN, 
(droperidol). hypotension can occur. if this occurs, the possibility € 
hypovolemia should also be considered and managed with appropriate parer 
teral fluid therapy. Repositioning the patient ta improve venous return to th 
heart should be considered when operative conditions permit. Care shouid b 
exercised in moving and positioning of patients because cf the possibility c 
orthostatic hypotension. If volume expansion with fluids pius other countermer 
sures do not correct hypotension, the administration of pressor agents othe 
than epinephrine should be considered. Because of the alpha-adrenergi 
blocking action of INAPSINE (droperidol), epinephrine may paradoxically dt 
crease the blooc pressure in patients treated with INAPSINE (droperidol). 
When INAPSINE :droperidol) is used with SUBLIMAZE (fentanyl) and the EEG: 
used for postoperative monitoring, it may be found that the EEG pattern return 
to normal siowly 

ADVERSE REACTIONS As with other narcotic anaigesics, the most commo 
serious adverse reactions reported to occur with SUBLIMAZE (fentany!) at 
respiratory depression, apnea, muscular rigidity. and bradycardia. if thes 
remain untreated, respiratory arrest, circulatory depression or cardiac arre: 
could occur. 

Other adverse reactions that have been reported are hypotension, dizzines: 
biurred vision, nausea, emesis, laryngospasm, and diaphoresis. 

When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZ 
(fentanyl), the following adverse reactions can occur: chills and/or shiverin 
restiessness, and postoperative hallucinatory episodes (sometimes associate 
with transient periods of mental depression); extrapyramidal symptoms (dy 
tonia, akathisia, and oculogyric crisis) have been observec up to 24 hou 
postoperatively. When they occur, extrapyramidal symptoms can usually t 
controlled with anti-Parkinson agents. Postoperative drowsiness is also fr 
quently reported following the use of INAPSINE (droperidcl). 

Elevated blood pressure, with and without pre-existing hypertension, has bec 
reported foliowiag administration of SUBLIMAZE (fentanyl) combined with i! 
APSINE (dropendol). This might be due to unexplained alterations in symp 
thetic activity following large doses; however, it is also frequently attributed 
anesthetic and surgical stimulation during light anesthesia. 


14S. Patent No. 3,164,600 B8 


McNeil Laboratories, Inc. 
McNEIL Fort Washington, Pa. 19034 
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(46) ANESTHESIA and ANALGESIA . . . Current Researches 


FOR THE ATTENTION OF 


PROGRAM DIRECTORS and STUDENTS IN MEDICAL, DENTAL, 
OSTEOPATHIC AND NURSE ANESTHESIA TRAINING PROGRAMS 


Please clip and mail this to: 


International Anesthesia Research Society 
3645 Warrensville Center Rd., Cleveland, Ohio 44122 


| am a Program Director in an accredited anesthesia or anesthesia related (physician assistant, 
inhalation therapy) training program and would like to have. | . .. Educational Membership 
applications for students enrolled in my program. 


| am a student enrolled in an accredited anesthesia or anesthesia related training program. Please 
send me application for Educational Membership which includes a two-year subscription to ANES- 
THESIA and ANALGESIA . . . Current Researches for $25. 








(NAME - PLEASE PRINT) (INSTITUTION) 


(MAIL ADDRESS) (CITY. STATE AND ZIP) 








The BIG reason 
to switch to 


Anesthesia 
Circuits 
and Respiratory 

Products. 
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New For 77 


i FOR MONOSCOPE 
| METABOLISM OF 
MONITORING COMFORT VOLATILE ANESTHETICS 


CUSTOM EARPIECE 


Implications for Toxicity 


"Do It Yourself Impression Procedure" Proven Ellis N. Cohen, M.D. 


At Many Hospitals Over Period of Several Stanford University 
Years. Russeil A. Van Dyke, Ph.D. 


Mayo Medical School 


Made From Your Own Ear Impression 


Impression Kit and Full Instructions 

Complete With Postage Prepaid Mailer. $2.00 Directed to the investigator as well as the 
practicing anesthesiologist, this book pre- 
Sents up-to-date information and experi- 
mental data concerning metabolism of vari- 
ous inhalation anesthetics and mechanisms 
involved in their potential toxicity. 


Lucite Custom Earmold With Coupler. . $8.50 


One Week Delivery, Full Guarantee. 


; : 1977; 246 pp; hardbound; $18.00 
Full information upon request. May 1977; 246 pp; hardbound; $ 


For a free 15-day examination of the book 


PLASTICAST LABORATORIES, INC. or for more information, please write: 


711 Penn Ave, Pittsburgh, Pa, 15222 
Telephone: (412) 281.3357 


Addison-Wesley Publishing Company 
Health Sciences Division—Sales 


2725 Sand Hill Rd., Menlo Park, CA 94025 








K&G Healthcare Industries, Inc. 
7870 N.W. 57th Street 
Miami, Florida 33166 
(305) 592-9696 


[] Please send mea free K&G anesthesia circuit. 





g Please send me further information on KAG 


Item for item, feature component meets or exceeds anesthesia circuits, 


for feature, K&G 'S single- proposed leakage standards. 
use anesthesia system afe for patients, too. 
sets a new standard Protects against nosocomial 





of excellence and safety ^ infections (bacterial and institution Names- ues EL Le 
in disposable breathing viral) caused by cross- 
circuits. contamination of anesthesia Address s 


its use protects the equiptment. 
O.R. staff fecaus every "P 
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In 18 yearsof use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide - 
variety of surgical procedures. 100 million - 
...GXtensive usage and evaluation that 
attests to FLUOTHANE asthe most widely 
used inhalant anesthetic. 

since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers.. 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 


JTHANE HatotHane) 
ch 100 MIL 


nonflammable, nonexplosive 
e ns mits use of high concentrations of 
oxygen 
e allows free use of« cautery for more 
Acad control of bleeding 


er ud odor facilitates smooth, rapid 
act , reduces patient distress 


e car ob unen of pharyngeal and 
laryngeal reflexes facilitates intubation 
e lessens airway problems 

® permits rapid adjustment of depth of 
anestnesia 

e emergence is rapid and tranquil with 
dod recovery of protective reflexes 

e minimal nausea and vomiting, shorter 
even room stay 
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i st ; See last page of advertisement 
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FLUOTHANE 


brand of halothane 
the most widely used 


inhalant anesthetic 


from 


for precision, experience, 
quality, and service 





(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. it is 
2-bromo-2-chloro-1, 1, l-trifluoroethane 
and has the following structural formula: 


F Br 
N 7 
Fa eC CI 
/ N 
F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51? C. at 760 mm, Hg. The vapor 
pressure is 243 mm. Hg at 20° C, The 
blood/gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0,5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHÁNE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soiuble in FLUOTHANE; such 
materials will deteriorate rapidly in con- 
tact with FLUOTHANE vapor or liquid. 
Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol 
(w/w), and storage is in amber colored 
bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizer bottles not specifically 
designed for its use. Thymo! does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain ail the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. induction and recovery are 
rapid and depth of anesthesia can be 
rapidly altered. FLUOTHANE progres- 


ANESTHESIA and ANALGESIA . 


sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. it causes bronchodilation, Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia, FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the'skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
noda! rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as acjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 
indications. FLUOTHARE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLWOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation isrequired. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given 
to the use of other agerts. 

FLUOTHANE should be used in vapor- 
izers that permit a reasenable approxima- 
tion of output, and preierably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficult to avoid. Tne patient should 
be closely observed for signs of overdos- 
age, ie, depression cf blood pressure, 
pulse rate, and ventilation, particularly 
during assisted or controlled ventilation. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnarcy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 


the potential benefits outweigh the un- 


known hazards to the ‘etus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract, 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefere, in patients with 
markedly raised intracranial pressure, if 


. . Current Researches 


FLUOTHANE is indicated, administration wy 


should be preceded by measures ordi- 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or contro! ventilation te insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering. nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- | 
ing technic, partial rebreathing, or closed ^ 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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TOTAL ANESTHESIA SYSTEM 








NARKOMED, a refreshing new concept NORTH AMERICAN DRAGER 
in anesthesia machine design and styling, P.O. Box 121 
incorporating a contemporary anesthesia Telford, Pa. 18969 
dispensing system with a builtin fluidic Please send information on the NARKOMED 
anesthesia ventilator and the widest variety TOTAL ANESTHESIA SYSTEM 
of options Please include a copy of Anesthesia Accessories 

p ` Catalog 

Please send information on 








for further information. 
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A Premedication to surgery. Immediately before. E uud 
e ii Skea Or as a supplement to anesthesia during surgery ee 
E When used in these indications, Talwin "- sat 
: its best. For the patient and for you. 

Because Talwin provides potent analgesia com- 
parable to opiates yet has a low incidence of extreme avae 
effects such as respiratory depression and hypotension 
(6 as well as urinary retention and constipation! — 
2 And, most important, reports of acute CNS : 
~ effects, such as psychotomimetic reactions are rare wi 

Talwin has been used in usual doses for preanest Yeti 
| medication, : as a supplement to local and general a ne 
and in ——— : 






















"With Tatwin, the commonty occurire reactions are nausea. dizziness, among others. Although rare. acute 
central nervous system mandestabions have been! reported 
Loan, WB., Dundee, LW et ai: Studies of drugs given before anaesthesia. XVI. 
11; 987. Noven nber 1969. 2. Norris, W. and Telfer ABM. The sedative 
j rud yes h. ae ti, May 1968. 3. Tar mrhisto, > Lahder suu, M. and 
Chit Gynaecol Feon. 56: 319, 1967. 4. Gerula, 
i ic times ee Vii, ex: oerience wiih pen tazocine, "Can. Anaesth. Soc. J. 
aney LED., and Taylor GJ. Neu: 'Oleptanalgesia: a double-blind c comparison 
of Deu roradioiogicat ity tigations, Br J Anaesth. 42: 329. 1970. 6. Akirete, 
EE Pentazepan : 8 Sup; "te ary iL BO: 498, hey 
r Thom ipson, M A. Drope: igolfentan, icine: a cornparison 
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Talwin* T 
Brand of. pentazocine lactate injection, N : 


Analgesic for Parenteral Use. 


Ampuls: 30 mg. (1 mL), 45 mg. 
(1% ml); and 60 mg. (2 m) 


| Vials: (10 mil.) 30 mg/ml. 
30 mg. or LV., LM., or S.C. use 
45 mg. for I.M. or S.C. use 
60 Im. for I.M. or S.C. use 





. Indications: For the relief of moderate to severe pain. 
. Talwin may also be used forpreoperativeor preanesthet- 
ic medication. and as a supplement to surgical anes- 
thesia. 
Contraindication: Talwin should not be administered to 
patients who are hypersensitive to it, 
; Warnings: Drug Dependence. Special care should be 
exercised in prescribing pentazocine for emotionally 
“unstable patients and for those with a history of drug 
^fnisuse. Such patients should be closely supervised 
- when long-term therapy is contemplated. There have 
. been instances of psychological and physical depen- 
"dence on Talwin in patients with such a history and, 
. rarely, in patients without such a history Abrupt discon- 
"dinuance following the extended use of parenteral Talwin 
_ has resulted in symptoms such as abdominal cramps, 
levated temperature, rhinorrhea, restlessness, anxiety, 
“and lacrimalion. Even when these occurred, discon- 
-i inuance has been accomplished with minimai difficulty 
in the rare patient in whom more than minor difficulty 
has been encountered, reinstitution of parenteral falwin 
with gradual withdrawal has ameliorated the patient's 
symptoms. Substituting methadone or other narcotics 
for Talwin in the treatment of the Talwin abstinence 
syndrome should be avoided. 
in prescribing parenteral Talwin for chronic use, particu- 
larly if the drug is to be self-administered, the physician 
should take precautions to avoid increases in dose and 
frequency of injection by the patient and to prevent the 
. use of the drug in anticipation of pain rather than for the 
~ teliet of pain. 
`- just as with ali medication, the oral form of Talwin is 
preferable for chronic administration. 


Tissue Darnage at Injection Sites. Severe sclerosis of the 
skin, subcutaneous tissues, and underlying muscie 
Have-ocourred at thé injection sites of patients who have 
received multiple doses of pentazocine lactate. Con- 
stant rotation of injection sites is, therefore, essential. in 
ition, animal studies have demonstrated that Taiwin 
tolerated less well subcutaneously than intramuscu- 
larly (See DOSAGE AND ADMINISTRATION) 

“Head Injury and Increased Intracranial Pressure. As in 
" "the case of other potent analgesics, Talwin's potential for 
elevating cerebrospinal fluid pressure may be attributed 
: to- CO: retention due to the respiratory depressant ef- 
. fects of Talwin, These effects may be markedly exagger- 
ated in the presence of head injury other intracranial 
© esions, or a preexisting increase in intracranial pres- 
. sure. Furthermore, Taiwin can produce effects which 
|. may obscure the clinica! course of patients with head 
^s injuries, In such patients, Talwin must be used with 
extreme caution and only if its use is deemed essential. 
Usage in Pregnancy. Safe use of Tatwin during preg- 
nancy (other than labor) has not been established. Ani- 
mal reproduction studies have not demonstrated 































xe 


teratogenic or embryotoxic effects. However, Talwin 


hould be administered to pregnant patients (other than 
hor-arily when, in the judgment:of the physician, the 
tial benefits outweigh, the. possible hazards. Pa- 
tients receiving Talwin during laborhave experienced no 
adverse effects other than those that accur with com- 


monly used anaigesics. Talwin should be used with 
Caution in women delivering premature: infants, 
Acute CNS Manifestations. Patients receiving t 


erapeu- 
tic doses of Talwin have experienced, in rare instances, 
hallucinations (usually visual, disorientation, and con- 
fusion which have cleared spontaneousiy within a 
period of hours. The mechanism of this reaction is not 
known. Such patients should be very closely observed 
and vital signs checked. If the crug is remstituted it 
should be done with caution since the acute CNS man- 
ifestations may recur 

Usage in Chidren. Because clinical expenence in chib 
dren under twelve years of age ss limited, the use of 
Talwin in this age group is not recommended. 
Ambulatory Patients. Since sedation, dizziness, and oc- 
casional euphona have been notec, ambulatory patients 
should be warned not to operate machinery, drive cars, 
or unnecessarily expose themselves to hazards. 


Precautions: Certain Respiratory Conditions. The pos- 
sibility that Talwin may cause respiratory depression 
should be considered in treatreent of patients with 
bronchial asthma. Talwin should be administered only 
with caution and in low dosage te: patents with respira- 
tory depression (e.g., from other medication, uremia, or 
severe infection), severely imited respiratory reserve, 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although labora- 
tory tests have not indicated tha: Talwin causes or in- 
creases renal or hepatic impairment, the drug should be 
administered with caution to patients with such impair- 
ment. Extensive iver disease appears to predispose to 
greater side effects ieg., marked apprehension, anxi- 
ety, dizziness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism of the 
drug by the liver. 

Myocardial infarction. As with al drugs, Talwin should 
be used with caution in patients with myocardial infarc- 
tion who have nausea or vomiting. 

Biliary Surgery. As with all strong analgesics, Talwin 
should be used with Caution in patients about to un- 
dergo surgery of the biliary tract since it may Cause 
spasm of the spnincier of Oddi. 

Patients Recewing Narcotics, Tawan is a mild narcotic 
antagonist. Some patients previeusly given narcotics, 
including methadone for the daily treatment of narcotic 
dependence, have experienced withdrawal symptoms 
after receiving Talwin. 

CNS Effect. Caution should be used when Talwin is 
administered to patients prone to seizures; seizures 
have occurred in a few such patients in association with 
the use of Talwin aithough no cause and effect relation- 
ship has been established. 

Adverse Reactions: The mos! commonly occurring 
reactions are: nausea, dizziness or lightheadedness. 
vomiting, euphoria. 

Dermatologic Reactions: Soft tissue induration, 
nodules, and cutaneous depresson can occur at injec- 
tion sites. Ulceration (sloughing) and severe sclerosis of 
the skin and subcutaneous tissues (and, rarely, underly- 
ing muscie) have been reportec after multiple doses. 
infrequentiy occurring reactions are-—'espiratory: tes- 
piratory depression, dyspnea, transient apnea in a small 
number of newborn infants whose mothers received 
Talwin during labor, cardiovascuar: circulatory depres- 
sion, shock, hypertension; CNS effects: sedation, altera- 
tion of mood (nervousness, appiehension, depression, 
floating feeling), dreams; gastroratestinal: constipation, 
dry mouth; dermatologic including local: diaphoresis, 
sting on injection, flushed skin iscluding plethora, der- 


matitis including pruritus; offer: urinary retention. 
headache, paresthesia, alterations in rate or strength of 
ute erine contractions Pun ial 


»sychiatric: muscie rero insomma, pru. acon, 
hallucinations: gastrointestinal: taste alteration, diarrhea 
and cramps: opAthelmuc: blurred vision, nystagmus, 
diplopia, miosis; hematologic: depression.of white blood 
celis tespecially granulocytes), which is usually reversi 

bie, moderate transient eosinophilia other tachycardia, 
weakness or faintness, chills, allergic reactions includ- 
ing edema of the face, toxic epidermal necrolysis. 
See Acute CNS Manifestations and Drug Dependence 
under WARNINGS, 

Dosage and Administration: Adults. Excluding Patients 
in Labor. Therecommended single parenteral dose is 30 
mg. by intramuscular, subcutaneous, cr intravenous 
route. This may be repeated every 3ta 4 hours. Doses in 
excess of 30 mg. intravenously or 60 mg. intramuscu- 
larly or subcutaneously are not recommended, Total 
daily dosage should not exceed 360 mg. 

The subcutaneous route of administration should be 
used only when necessary because of possibile severe 
tissue damage at injection sites e WARNINGS). When 
frequent injections are needed, the drug should be ad- 
ministered intramuscularly. In Riera constant rota- 
tion of injection sites (e g.. the upper outer quadrants of 
the buttocks, mid-lateral aspects of the thighs, and the 
deltoid areas) is essential, 

Patients in Labor. A single. intramuscular 30 mg. dose 
has been most commonly administered An intravenous 
20 mg. dose has given adequate pain relief to some 


patients in labor when contractions becorne regular, and — 


this dose may be given two or three limes at two- to 
three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clinical expen- 
ence in chüdren under twelve years of age is imited, the 
use of Tatwin in this age group is not recommended. 
CAUTION. Talwin should not be mixec in the same 
syringe with soluble barbiturates because precipitation 
wil occur. 

Overdosage: Manifestations. Clinica! experience with 
Talwin overdosage has been insufficient to define the 
signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopressors, 
and other supportive measures should be employed as 
indicated. Assisted or controlled ventilation should aise 
be considered. Although nalorphine and tevallorphan 
are not effective antidotes for respiratory depression due 
to overdosage or unusual sensitivity to Taliin, parenteral 
naloxone (Narcan?, available through Endo 
Laboratories) is a specific and effective antagonist. 
Talwin is not subject to narcotic controls. 

How Supplied: Uni-Amp*-individual unit dose ampuis 
of 1 mi (30 mg), Darmi (45 mg.), and 2.mi (60 mg jin 
boxes of 25. 

Ampuls of 1 ml. (30 mg.). 1v» mi. (45 mg.) and 2 mi. 
(60 mg.) in (nested) boxes of 25. 


Each 1 mi, contains pentazocine lactate equivatent to 30 


mg. base and 2.8 mg. sodium chioride, in water for 
injection. 

Multiple dose viais of 10 mi. each i containing 
pentazocine lactate equivalent to 30 fo ped 2 mg. 
acetone sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water for injec- 
tion. Boxes of 1. 

The pH of Talwin solutions is adjusted cetween 4 and 5 
with lactic acid and sodium hydroxide. The air in the 
arnpuls and viais has been displaced bv nitrogen gas. 
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Winthrop 
Winthrop Laboratories, New York, New York 10016 


preoperatively/preanesthetically/as asupplement to surgical anesthesia 
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endotrachea 
tube guides o 


@OPTIMAL MALLEABILITY. 


GSAFE—STOPLOCK 
PREVENTS GUIDE 
FROM SLIPPING. 
COATING WON'T 
CHIP, CRACK OR PEEL. 





PEDILETTE " 


Pediatric/Neo- nat 


packaged. 
Fits all tubes from. 3.5mm-t 
10.5mm. (cat. no. 1000) 


NEW LE al 


Adult E.T. tube guide. | 
Non-sterile bulk pack. B 
Special coating permits repeat- 
ed sterilization by establ ished 
methods. 
Fits all tubes from 
3.5mm to 10.5mm. 
(cat. no. 2000B) 


POLAMEDCO, INC. 
(formerly P.O.L.A 
Plastics Co.) 

P.O. Box 2086, 


Dept. D, Van Nuys, Ca, 91408 (213) 368-2002 








Reg. U.S. 
Pat. Off, 


"Literature 
upon request 


- shoriterm re 


a product of choice for. en $t | 
pie other short procedures 


. unique square bottle and bright yellow ` 
label for positive | identification | 


- ready for immediate use 

: 20 mg per cc...in40 cc. multidose vials 
. flip-fop cap for easy opening: > 
"single or multiple use | 
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je is an ultra short-acting depolarizing 
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ation. f rnay be employed 
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e same needle. Solu- - 


Succinyicholine should be administered will 
gieat caution fo patients with severe burns. 
G5e recovetnng from severe trauma. those 
suffering from electrolyte imbalance, those 
receiving quinidine, those who have been dig 
talized recently or who may have CHS tox 
icity OS Senous cardiac amhythrmms or cardiac 
arrest may resuit. Great cauhon should be 
Observed oiso in patients with pre existing 
hyperkalemia or who are paraplegic. have 
suffered spinal neurces injury, or have degen: 
erative or dystrophic neuromuscular dsease, 
O3 such pohents tend to become severely 
hyperkalemic when succinyichane i$ GIVEN, 
When succinylcholine 1s given over a pre. 
‘nged period Of hme, the charactenstic 
Sepolanzation block of ihe myoneutal juoctior 
may Change to a nen depoloanzing block 
which results in prolonged respirctory denes 
SON or apnea. Under such circumstances, sma 
repeated doses of neostigmine may DOSSIDHy 
act as Gn antagonist. A penpheral nerve stimu 
aior {e g. he Wellcome Penphera! Nerve Stimu. 
kafon may be used fo ascertain ine ype of 
heurormnusculoar Dlockode. if a depolanzation 
Block is present both fast (telanict ond slow 
(witch) rales of nerve stimulation are well sus- 
laned. and pest-tetarsc faciitation is absent 
i! a non-depolanzing block is present friere is 
post lefanmic faciddotion and "fade" of succes- 
sive stimuli on both fast tetanic} ond stow l 
Gwich) rates of nerve stimulation 
Ssuccinylcholine should be used with caution 
GUING ocular surgery ondon patients with > 
glaucoma The drug should be employed with 
Caution in patients with fractures or muscig 
spasm as he muscie fasciculations may COSE 
additional kouma. Muscle fasciculations and 
nyperkatemio may be reduced by admins: 
tenng a smi dose of a non "depotanmzing relox 
ani. f other relaxants are to be used during the: 
same procedure, Ihe possibility of à synergistic 
or antagonistic effect should be considered. 
During the past few years. repods have coleg 
attention to à fuiminant syndrome, molignant 
hyperthemia, observed during anesthesia: ffs 
etiology is not fully understood M afignant hyper: 
ihermia occurs in genetically prone individuos 
of ait ages and bolh sexes receiving potent 
onesthelics such. os halothane. methoxyfluo- 
thane, cyciopropane and diethyl athe: H 
Qppeur lo develop irespechve of ne con. 
comitant use-of a muscie eka 
Jagered by succinyic 














| ient, itis sug 
gesied that the continuous monitoung of f 
temperature will serve cs an aid tothe e 
tecognition of malignant hyperthernia.. 


ADVERSE REACTIONS: Adverse reactions con. = 
sis? Drimarity of an extension of the cras phor” 
macologicat actions. Profound and prolonged © 
rnuscle relaxation moy occur resulting inespirg-: 
tory depression to the point of apnea. Hyper 
sensitivity to the drug may exist in tare insta 

The following adverse reactions have beer 
repored: bradycardia, lachycardia, hype 
lension. hypotension, arhythrnias, cardicic | 
arrest. prolonged respiratory depression ar °- 
apnea, hyperthermi increased intraocular 
pressure, muscie faseiculation. postoperative 
muscie pain. myogiobinemia and excessive 
salivation l 


MANAGEMENT OF ADVERSE REACTIONS: z 
Apnea or prolonged muscle paralysis should. 
be treated with controlled respiration B 

The use of neostigmine fo reverse o non- 
depolarization block is a medical decision 
which must be mode upon the basis olhe 
individual clinico! pharnacology and the ex. 
penence and iudgment of the clinician. Wher 
neostigmine is used Ghopine should also be 
administered 





SUPPLIED: Injection, Mutti-close vials. 20 mg ec, 


10 cc. boxes of 47 vials. Flo-PackfSternie 


Powder 500 mg and 4000 mg. boxes of p 
3 d 


Complete literature avaiable on equest 
from Professional Services Dept. PRAE 
/ Burroughs Wellcome Co. 


5 / Research Triangle Park 
Wellcome / North Carolina 27709 
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ANESTHESIA and ANALGESIA. . . . Current Researches 





CLASSIFIED ADVERTISING 


ANESTHESIOLOGISTS 


Needed for university-affiliated hospital in 
Southern Calif. Clinical teaching positions for 
Board eligible or Board certified anesthesiolo- 
gists with academic appointment through uni- 
versity. Calif. license required. All types of 
anesthesia are provided in 750-bed facility with 
active, fully approved anesthesia residency pro- 
gram. Will consider for immediate appointment. 
Remuneration and fringe benefits commensurate 
. with experience. Equal opportunity employer. 
Contact: Edward J. Mahoney, M.D. 

Acting Chairman, Anesthesiology 

UCLA School of Medicine 

Harbor General Hospital Campus 

1000 W. Carson Street 

Torrance, CA 90509 


. l 


J ACADEMIC ANESTHESIOLOGISTS, UNI- 


- VERSITY OF LOUISVILLE SCHOOL OF 


^. MEDICINE. Positions for eligible or board cer- 
tified anesthesiologists at all faculty ranks for 
expanding department. Duties include patient 
care, medical student and resident teaching and 
research. Specific interests may include any 
subspecialty. Vacancies exist in obstetrical an- 
esthesia and intensive care. Must be eligible 
for licensure in Kentucky. Inquiry from all 
qualified applicants welcome; women and minor- 
ity group members encouraged to apply. Send 
inquiry, CV. and names of four references to 
George E. Webb, M.D., Chairman, Department 
of Anesthesiology, P.O. Box 1055, Louisville, 


-i Kentucky 40201. AN EQUAL OPPORTUNITY/ 


AFFIRMATIVE ACTION EMPLOYER. 





PEDIATRIC ANESTHESIA 


Newly approved 3rd year Residency. Experi- 
ence in clinical anesthesia and intensive care 
medicine according to individual's preference. 
Openings available July 1978. Contact: 

Lewis A. Coveler, M.D., 

Director, Resident Training 

Childrens Hospital, National Medical Center 
-. 411 Michigan Avenue, N.W. 

Washington, D.C. 20010 

Phone: (202) 745-5000 


Se AATE AETERNA RERNE AATA 


ANESTHESIOLOGIST — Expanding sixty-two 
man multispecialty clinic in Northwestern Lower 
Michigan, winter-summer resort area, needs 
fourth to join three board certified anesthesi- 
ologists. Respiratory care and cardiovascular 
anesthesia training necessary. Good salary and 
excellent fringes. Send curriculum vitae to: 
J. R. Rasmussen, M.D., e/o Burns Clinic Medi- 
eal Center, P.C., 560 West Mitchell St., Petos- 
key, Michigan 49770. 


CHAIRMAN, DEPARTMENT OF ANESTHE- 
SIOLOGY, UNIVERSITY OF WASHINGTON 
SCHOOL OF MEDICINE. 

To serve as chairman of an academie depart- 
ment and Chief of Anesthesiology at Univer- 
sity Hospital. Will develop and be responsible 
fer the academie, research and clinical programs 
of the Department. Must qualify for full pro- 
fessorial rank and tenure. 

Inquiries should be directed to: Carl Eisdorfer, 
Ph.D., M.D., Chairman, Anesthesiology Search 
Committee, Department of Psychiatry and Be- 
havioral Sciences, Mailstop RP-10, School of 
Medicine, University of Washington, Seattle, 
Washington 98195. The University of Wash- 
ington is an equal opportunity /affirmative ac- 
tion employer. 


 AMMUVEEEEEEFIAVERMRNRMALMAULNLUBUEEUIRUAUNAHIUHULUAUAULILUA QUAPROPTER UA UDUULRTHALRRIERIUREARPAPHARHAARDHEUILATUPÉHRHAAUAIUAM 


WANTED-—Air-Shields Ventimeter Ventilator | 
useable or repairable condition; also, oxygen | 
analyzer. Reply to Box 644, USC-LAC, 1200 
State Street, Los Angeles, Calif. 90033. 


CEPARTMENT OF ANESTHESIOLOGY, 
UNIVERSITY OF UTAH, has faculty positions 
at Assistant or Associate Professor levels in 
areas of Intensive Care and Obstetrical Anes- | 
thesia. Must have interest in research and 
teaching as well as patient care. Salary negoti- 
able. Write to: K. C. Wong, M.D., Ph.D., Chair- 
man, Department of Anesthesia, 50 North Medi- 
cal Drive, Salt Lake City, Utah 84132. An equal 
opportunity affirmative action employer. 





INDIANA: Position available at Assistant Pro- 
fessor level in anesthesiology. Board certified 
or qualified. Duties include clinical and didactic 
instruetion of residents and medical students; 
research; intensive care. Replies to be sent to: 
V. K. Stoelting, M.D., Professor and Chairman, 
Department of Anesthesiology, Indiana Univer- 
sity School of Medicine, 1100 West Michigan 
Street, Indianapolis, Indiana 46202. A non-dis- 
criminatory/affirmative action employer. 





ANESTHESIOLOGIST—Board certified, 36, on 
staff Northeastern teaching hospital, experi- 
enced in open heart and ICU, wishes to relocate 
to group in metropolitan area with good weath- 
er. Please reply to Box 5-77-A, c/o LA.R.S. 





Board certified or eligible anesthesiologist to 
join group in coastal California county teaching 
hospital with UCLA association. Excellent in- 
come — malpractice insurance provided. Con- 
tact: Leland L. Sprague, M.D. 3291 Loma Vista 
Road, Ventura, California 93003. (805) 648- 
€171, ext. 3664. "n 
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Classified Advertising (Continued) 


ANESTHESIOLOGIST, ABA certified, U.S. 
native, university trained, 14 years experience. 
Desires to relocate family in Southwest or 
Southern U. S. Have Arizona and Florida li- 
censes, Contact: S. N. Smock, M.D., 3050 Fox- 
croft, Ann Arbor, Michigan 48104. 





ANESTHESIOLOGIST 


Full-time Staff Anesthesiologist position avail- 
able now with advancement to Chief Anesthesi- 
ologist in July, 1978. Salary negotiable depend- 
. ing on experience and qualifications. Working 
hours, call time, and community practice nego- 

ble. Malpractice provided by hospital. Must 

&rd certified or eligible. 260-bed univer- 


» A sity affiliated teaching hospital located in San 
~ Joaquin. Valley, east of San Francisco. Send 
. ^C.V. or inquiries to: Michael N. Smith, Director, 


~ San Joaquin General Hospital, P. O. Box 1020, 


Stockton, Calif. 95201. Telephone (209) 982- 


1800, Ext. 361. Equal Opportunity/Affirmative 
B Action Employer. 


XIV LATIN-AMERICAN and 
XVIII MEXICAN ANESTHESIOLOGY 
CONGRESS 


October 9-13, 1977 


Guadalajara, Jalisco 
Mexico 


Topics of Scientific Program: 
Education - Risks - Recent advances 
Pediatrics and Obstetric anesthesia 


Management of poor risk patients 


Free papers 


For Registration and Information Write to: 
Dr. Jorge Delgado Reyes 

158-2 Francisco Rojas Gonzalez St. - S.H. 
Guadalajara, Jal., Mexico 





PEDIATRIC ANESTHESIOLOGY 
RESIDENCY | 
Childrens Hospital of Los Angeles 


Three-phase program: Clinical, Academie, In- 
vestigative, emphasizing practical aspects of 
ane thesiolony related to infants and chil- 

ren 


AMA approval for third-year residency. Posi- 
tions available from two months to one year. 


Apply: George B, Lewis, Jr., M.D. 
Head, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 
Los Angeles, California 90054 


Phone (213) 660-2450, Ext. 2262 





INDIANA UNIVERSITY School of Medicine is 
seeking candidates for the position of Chair- 


man, Department of Anesthesiology. This posi- . 


tion is responsible for all aspects of depart- 
mental management, clinical anesthesia in the 
several hospitals of the Medical Center, under- 
graduate education and graduate. training in 
anesthesiology. Applieants must. have demon- 
strated experience, capacity and leadership in 
anesthesiology, including basic and clinical re- 
search and must be certified by the American 
Board of Anesthesiology. Send resume with 
references to: John E. Jesseph, M.D., Chairman, 
Search & Sereen Committee, 1100. West 
gan Street, Indianapolis, Indiana 46202. In 
ana University is an affirmative Betion/equ 
opportunity employer. "p SU 





OHIO: Anesthesiologists at academic TRIK VUES 


commensurate with credentials. Individuals 
must be board certified or. eligible. and eligible 
for licensure in the State of Ohio. Didactic and 
clinical teaching and research opportunities are 
available. Salaries negotiable. Excellent fringe 
benefits, Send CV to: Phillip O. Bridenbaugh, 


M.D., Department of Anaesthesia, University of . . 


Cineinnati Medieal Center, Cincinnati, Ohio 


45267. 





Rate for classified advertising are $3.00 per 
line, minimum 5 lines. Box number ads $3.50 
per line. Classified Display rates on request. 
Copy deadline 6 weeks prior to publication. Do 
not submit payment with order; invoices will 
be sent for payment prior to publication. Ad 
copy, subject to acceptance by publisher, should 
be mailed to: Anesthesia and Analgesia ... 
Current Researches, 3645 Warrensville Center 
Ed., Cleveland, Ohio 44122. 
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Jridortigmine bromide 


To Restore Neuromurcular Tansmisrion After Pancuronium Bromide 
or Other Nondepolarizing Neuromuscular Blocking Agents (NDBA) 
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IMPULSE 
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ACETYCHOLINE 






SUBNEURAL m O 
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NERVE TERMINAL 


CHOLINERGIC 
RECEPTOR 





Brief Summary (Please consult full package insert, enclosed in every 
package, before using Regonot). 


rs dM NERA MENU MEM MM EL E, 
INDICATIONS —Regonol (pyridostigmine bromide) is useful as a 


reversal agent or antagonist to nondepolarizing muscle relaxants. 


CONTRAINDICATIONS—Known hypersensitivity to anticholines- 
terase agents: intestinal and urinary obstructions of mechanical type. 


WARNINGS-—Use with particular caution in patients with bronchial 
asthma or cardiac dysrhythmias. Transient bradycardia may occur 
and be relieved by atropine sulfate. Atropine should also be used with 
caution in patients with cardiac dysrhythmias. Because of the possi- 
bility of hypersensitivity in an occasional patient, atropine and anti- 
shock medication should always be readily available. 


Usage in Pregnancy—The safety of pyridostigmine bromide during 
pregnancy or lactation in humans has not been established. There- 
fore its use in women who are pregnant requires weighing the drug's 
potential benefits against its possible hazards to mother and child. 


ADVERSE REACTIONS — Side effects are most commonly related to 
overdosage and generally are of two varieties, muscarinic and 
nicotinic. Among the former group are nausea, vomiting, diarrhea, 
abdominal cramps, increased peristalsis, increased salivation, 
increased bronchial secretions, miosis and diaphoresis, Nicotinic 
side effects are comprised chiefly of muscle cramps, fasciculation 
and weakness. Muscarinic side effects can usually be counteracted 
by atropine. As with any compound containing the bromide radical, a 
skin rash may be seen in an occasional patient. Such reactions 
usually subside promptly upon discontinuance of the medication. 
Thrombophlebitis has been reported subsequent to intravenous 
administration. 





P gcn 
ACETYLCHOLINE 












“As more anesthesiologists become familiar with 
pyridostigmine, its use is increasing and it may be 
that in the future this drug will exceed or replace 

the use of neostigmine” * 





"Katz, PL. 1976 American Society of Anesthesiolngists Annual 
Reftesher Course Lectures, San Francisco, Calif. Oct. 9-10, 178. 











POSTJUNCTIONAL 
MEMBRANE 


ACETYLCHOLINESTERASE 






TERMINATION OF NONDEPOLARIZING NEUROMUSCULAR 
GLOCKADE—An artist's conception depicting the acetylcholines- 
terase inhibitory action of Regonot at the neuromuscular junction. 





DOSAGE AND ADMINISTRATION Prior or simultaneous adminis- 
tration of atropine sulfate (0.6 to 12 mg: IV) is recommended to 
minimize the side effects (excessive secretions, bradycardia}. Usually 
40 or 20 mg of pyridostigmine bromide will be sufficient for antago- 
aism of the effects of the nondepolarizing muscie relaxants. Although 
full recovery may occur within 15 minutes in most patients, others may 
require a haif hour or more. Satisfactory reversal can be evident by 
adequate voluntary respiration, respiratory measurements and use of 
a peripheral nerve stimulator device. it is recommended that the 
patient be well ventilated and a patent airway maintained until 
complete recovery of normal respiration is assured. Once satisfactory 
versal has been attained, recurarization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 30 
minutes) reversal may occur, e.g. in the presence of extreme debilita- 
Hon, carcinomatosis, or with concomitant use of certain broad 
spectrum antibiotics or anesthetic agents, notably ether. 


CAUTION--F"ederal law prohibits dispensing without a prescription. 


HOW SUPPLIED--Regonol is available in: 2 ml ampuls—5 mg/ml 
boxes of 10. NDC # 0052-0460-10 


OrganonPharmaceuticais 
A Division of Organon Inc. 
West Orange, N.J. 07052 


A 
APART OF Ag siya INC 
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The London Company, U. S. representative for Radi- 
ometer, Copenhagen, has available the Radiometer 
FLM-3 Flame Photometer. 


The FLM-3 measures sodium, potassium, and lith- 
ium in serum or urine. Some of the features are: sta- 
bility, ease of operation, and rapid response. 'The 
sodium and potassium readings can be obtained in 
only 6 seconds on a diluted sample. Operation is sim- 
plified by ‘‘auto-zeroing.” This eliminates the neces- 
sity for adjusting a lithium blank. The FLM-3 also 
incorporates automatic “serum-urine” ranging which 
switches the sensitivity of the potassium channel when 
concentrations increase. In addition, there are built-in 
safety and malfunction warnings and a delayed hold 
mode that will lock in the readings after 6 seconds. 


* * 


Medical Engineering Corporation, Racine, 


Wisconsin, has available the Carden Jetting 
Device to facilitate time saving jet ventila- 
tion during microlaryngeal surgery. It also 
has application during bronchoscopy pro- 
cedures when jet ventilation is desired. The 
Jetting Device can be connected to any 
standard anesthesia machine, thus all types 
of gases can be administered through the 
jetting system at the flow rate and pressure 
desired. It is especially useful with the 
Carden Laryngoscopy Tube, as the two 





units were designed to be used together. 


The Carden Laryngoscopy Tube is used in place of an endotracheal tube when general 
anesthesia is being given for microlaryngeal surgery. The principle of use is to position 
the Surgitek,, Carden tube below the level of the cords. The tube is held in place by the 
two small tubes and an inflatable, low trauma cuff. Ventilation of the patient is then 
accomplished by intermittently jetting oxygen or nitrous oxide mixtures through the jet 
tube. The patient can passively breathe when his lungs are not being inflated. 
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The Servo Ventilator is intended for 
use in intensive care as well as in the 
operating theater. Its characteristics . ar 
make it suitable for treating all patient age ~A 
groups including neonates. 

Its system components provide CO2 
analysis, lung mechanics calculations, and 
remote central station monitoring. 













Which ventilator would you 
choose if you were the patient? 


There’s only one answer: The best! 

You would like to know that if compli- 
cations arose you were being treated with 
an instrument having the fullest and most 
flexible capabilities. A ventilator that is 
safe and comfortable. 

A ventilator that permits you to cough 
freely or take an extra breath when you 
feel the need. 

A ventilator that provides synchronous 
IMV and CPAP treatment while continu- 
ously monitoring and alarming if preset 
limits are exceeded. 

A ventilator system that can instan- 
taneously provide CO» concentration of 
expired gas, tidal and minute CO» produc- 
tion, dead space information, and various 
lung mechanics parameters for enhanced 
diagnostic ability. 

A ventilator that provides outputs for 
on-line graphic representation and possi- 
bilities for data collection or computer 
interface. 


The Servo Ventilator is the answer. 


It is also good to know that this instru- 
mentation is light, small, quiet, easy to set 
up, understand, use and maintain. 

We have printed a 24 page brochure 
describing the Servo Ventilator system. 
Please contact us and we will be happy to 
send you one by return mail. 


SIEMENS-ELEMA 
Siemens Corporation, Ventilator Products, 
685 Liberty Avenue, P.O. Box 554, Union, New Jersey 07083, Telephone: (201) 964-0575 


For countries outside US: 
SIEMENS-ELEMA AB, Ventilator, S-17195 Solna, Sweden 


We will contact vou through our renresentative in vonr eaiuntry 


No high volume/low 


/ pressure cuff is 
F superior to that which 
” Notre get with the 


HI-LO’ tracheal tube 


p from National Catheter. 


National Catheter has pioneered the way in cuff 
design and tracheal tube development. Now National 
Catheter has done it again. We've taken the x-ray tip 
and extended it for the full length of the tracheal tube 
so that it's easily visible under x-ray from the distal 
tip to the proximal end...an important advantage, 
particularly when x-ray is needed for location of 

the tip and tube and is also of significant 

advantage to the pediatric tracheal tube user. 

Add to this the feature that the pilot 

balloon of the sealing valve has been made 

blue and you contribute to over-all 

improved visibility. 

The x-ray line feature and the blue 

pilot balloon have also been 

incorporated into the LO-PRO™ 

tracheal tube from National Catheter. 

In fact, the full x-ray line... 

extending from tip to tip offers such 

_ advantages that it has been added 

| to all tracheal and tracheostomy 

tubes from National Catheter. 

But then, you have rightly come to 

expect advantage and innovation 

from National Catheter Corporation. 


Mallinckrodt 


Home of the Shendan Line of Catheters 
argyle. new york 12809 
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ANTILIRIUIVI 





(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consult complete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation of acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why neo- 
stigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
MAY PRODUCE: 
COMA, MEDULLARY PARALYSIS AND DEATH. 


CENTRAL TOXIC EFFECTS MAY INCLUDE: 
HALLUCINATIONS, DELIRIUM, DISORIENTA- 
TION, ANXIETY AND HYPERACTIVITY. 


Dramatic reversal within minutes of coma, hallucina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered anoxia 
or other insult. Therapeutic doses may be necessary 


at intervals as life-threatening signs recur. Physostig- 


mine is destroyed in the body in 60 to 120 minutes. 


CONTRAINDICATIONS: Physostigmine should not 
be used in the presence of asthma, gangrene, dia- 
betes, cardiovascular disease, mechanical obstruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving choline 
esters or depolarizing neuromuscular blocking 
agents. 


WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


Intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 


An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is O.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 


IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. per ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
out prescription. 
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DRUGS AND CHEMICALS CAPABLE OF PRODUCING ANTICHOLINERGIC POISONING: 


AMITRIPTYLINE 
(Elavil, Triavil, 
Etrafon) 
ANISOTROPINE 
METHYLBROMIDE 


DICYCLOMINE 
DIPHENHYDRAMINE 
DOXEPIN 

(Sinequan) 
HOMATROPINE 
HYOSCINE 
HYOSCYAMUS 
IMIPRAMINE 


ATROPINE 
BELLADONNA 
BENACTYZINE 


CHLORPHENIRAMINE 
CYCLOPENTOLATE 


DESIPRAMINE 
(Norpramin, 
Pertofrane) 


ISOPROPAMIDE 
MEPENZOLATE 


(Tofranil, Presamine) 





METHANTHELINE 
METHAPYRILENE 
NORTRIPTYLINE 
(Aventyl) 
PIPENZOLATE 
BROMIDE 
(Piptal) 
PROPANTHELINE 
PROTRIPTYLINE 
(Vivactil) 
PYRILAMINE 


SCOPOLAMINE 
STRAMONIUM 
PHENOTHIAZINES 
TRICYCLIC 
ANTIDEPRESSANTS 
(Aventyl, Elavil, 
Etrafon, Norpramin, 
Pertofrane, 
Presamine, Tofranil, 
Triavil, Vivactil) 
THIORIDAZINE 
(Mellaril) 
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Ball Valve 


Inflation Tube 


LIQUI-SEAL 


ALLOWS CONTROL OF 
MOST HAZARDOUS 
PRESSURE PROBLEMS 


Dupaco's new Liqui-Seal™ Systems solves 
pressure problems associated with air filled 
Tracheal Tube cuffs by eliminating air itself. 
This is accomplished by filling the cuff with 
saline solution from a self-contained reservoir. 
Since the fluid in the cuff system is incom- 
pressable, as compared with air, the pressure 
on the tracheal mucosa will vary directly with 
the height of the top of the fluid reservoir 
above the cuff at the time the cuff inflation 
valve is closed. The use of Liqui-Seal™ Sys- 
tem gives the following advantages: 

l. Positive seal at extremely low pressure. 

2. Safe for prolonged use without periodic 

cuff deflation. 
3. Cuff pressure readily regulated. 









U.S. Pat. No. 3766927 
Other Pat. pending 


4. Cuff pressure constant during N20 
anesthesia. 
5. No change in cuff pressure due to 
altitude changes (air evacuation). 
6. Maximum pressure obtainable approx. 
40cm H20. 
7. One hand operation. 
Liqui-Seal™ Tracheal Tubes are available in 
five sizes, have Murphy eye and are sterile 
packaged in convenient peel packages with 
appropriate connector. 


NS DUPACO 


INCORPORATED 
P.O. Box 98, San Marcos, CA 92069 
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We provide the how 
u provide the know-how 


Selecting the right drug for continuous epidural anesthesia is 
your concern. Providing a good system to help you administer 
itis ours. Thats why the TRAVENOL® Twin-Tray contains only 
the essentials. 
The component section has an all metal Tuohy needle, a 

5 ml glass syringe, a 19g radiopaque catheter, and a syringe 
with needles for the skin wheal or deeper infiltration. The tray 
also features a slip-on adapter that simplifies connecting 
catheter and syringe. And the drape and prep section can be 
easily removed, giving you the choice of mixing drugs first or 

. prepping first. All that's needed to complete our tray is your 
jüdgment in selecting drugs. 


See directions for use accompanying this product. 


=” TRAVENOL LABORATORIES, INC. 


MEDICAL PRODUCTS DIVISION 
DEERFIELD. ILLINOIS, US.A. 60015 
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UNPROTECTED EYE 








After tape removal, corneal damage is not 
evident on gross inspection. 


Corneal abrasion ...:he most common ocular 
complication of general anesthesia. ^ It is pain- 
ful, may progress to inflammation of the uveal 
tract, and in the presence of contamination may 
lead to a serious infection!” 


This patient's eyes were taped shut and 
monitored throughout a surgical procedure 
that lasted several hours. No ocular lubricant 
was used? The cause of the corneal abrasion 

is unknown...but it might have been prevented 
if Lacri-Lube® sterile ophthalmic ointment had 


THAT WAS 
“PROTECTED” 
WITH TAPE. 














After fluorescein staining, the green band delin- 
eates area of epithelial injury. 


been used as an added precaution before the 
tape was applied. 


Lacri-Lube. The first sterile, nonmedicated 
ophthalmic ointment designed solely to lubri- 
cate the eye and protect it against the risk of 
chemical insult, dehydration, or corneal 
abrasion. 


Whether you tape or not, make Lacri-Lube 
a part of your standard procedures to minimize 
the risks of general anesthesia. _ 


LACRI-LUBE 


sterile ophthalmic ointment 


IT’S EXTRA INSURANCE. 


References: 1. Snow, J.C. et al: Corneal Injuries During General Anesthesia, Anesthesia and Analgesia 54:465 (Jul-Aug) 1975. 2. Terry, H.R. et al: 


Untoward Ophthalmic and Neurologic Events of Anesthesia, Surg Clin N Amer 45:927 1965. 3. Dota on file, Allergan Pharmaceuticals 
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The Servo Ventilator is an electronically controlled lung ventilator designed 
to cope with all situations, however critical. It will ventilate premature infants, 
children, or adults with the same effectiveness. 

The Servo Ventilator is part of an expanding system to provide the best 
therapy and most accurate monitoring for more complete diagnosis and care. 





Your staff will T" 
the Servo Ventilator. 


Often, seemingly routine cases can suddenly become 
complicated - and the clinician can be faced with technical 
limitations. Such a lack of resources can and will endanger the 
life of a patient. 


The technically advanced Servo Ventilator with its related 
components gives the staff the possibility to cope with all 
unexpected situations - without the need for time consuming 
improvisation. 


Thousands of Servo Ventilators are in clinical use through- 
out the world. The staff is singing its praises: 


The Servo Ventilator is easy to learn and operate due to its 
logical construction. 


It is light, small and quiet. It is simple to attach. It is easy 
to service. There is only a single link to sterilize and it takes 
two minutes to calibrate. 


The Servo Ventilator is economical for the hospital. It 
imposes no practical restrictions resulting in shorter treatment 
periods and greater capacity. 


The servo system ensures that all settings are maintained 
independent of changes in the patient's lungs and airways. 
The clinician doesn't need to think like a computer when he 
changes a setting. 

The Servo Ventilator provides instantaneous diagnostic 
possibilities through the CO» Analyzer and Lung Mechanics 
Calculator. 

The Monitoring Unit and the Alarm Unit facilitate bedside 
and remote supervision of the patients. 

IMV, Spontaneous Breathing Test, and CPAP capability 
aid the clinician in weaning the patient from the ventilator. 


There is so much more to be said about the Servo Ventilator 
that we produced a 24 page full color booklet. Write to us and 
we will gladly send it to you. 





SIEMENS-ELEMA 


Siemens Corporation, Ventilator Products. 
685 Liberty Avenue, P.O. Box 554, Union, New Jersey 07083, Telephone: (201) 964-0575 


For countries outside US: 
SIEMENS-ELEMA AB, Ventilator. S-17195 Solna, Sweden 
We will contact you through our representative in your country. 
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In 18 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 

extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic 

since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers. " 

a bibliographic record of note on the most 


FLUOTHANE qu oru 
„OVER 100 MILLIO 
ADMINISTRATIONS 


e nonflammable, nonexplosive 

e permits use of high concentrations of 

oxygen 

e allows free use of cautery for more 

adequate control of bleeding 

e minimal odor facilitates smooth, rapid 

induction, reduces patient distress 

e early obtundation of pharyngeal and 

laryngeal reflexes facilitates intubation 
e lessens airway problems 

e permitsrapid adjustment of depth of 

anesthesia 

e emergence israpid and tranquil with 

quick recovery of protective reflexes 

e minimal nausea and vomiting, shorter 

recovery room stay 
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brand of halothane 
the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 


(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. it is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


Br 
N Á 
Fe—C——C—— CI 
Á N 
F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37* C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUOTHANE; such 
materials will deteriorate rapidly in con- 
tact with FLUOTHANE vapor or liquid. 
Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol 
(w/w), and storage is in amber colored 
bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizer bottles not specifically 
designed for its use. Thymot does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. induction and recovery are 
rapid and depth of anesthesia can be 
rapidly altered. FLUOTHANE  progres- 


FLUOTHANE 


ANESTHESIA and ANALGESIA . 


sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become, Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 
indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given 
to the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficult to avoid. The patient should 
be closely observed for signs of overdos- 
age, Le, depression of blood pressure, 
pulse rate, and ventilation, particularly 
during assisted or controlled ventilation. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 


the potential benefits outweigh the un- 


known hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 


. . Current Researches 


FLUOTHANE is indicated, administration 
should be preceded by measures ordi- 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation tc insure ade- 
quate oxygenation and carbos dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arraythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLBOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing,or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5<per cent. 

FLUOTHANE may be adminisiered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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ANTILIRIUM -. 


(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consult complete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation of acetyicholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why neo- 
stigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
MAY PRODUCE: 


COMA, MEDULLARY PARALYSIS AND DEATH. 


CENTRAL TOXIC EFFECTS MAY INCLUDE: 


HALLUCINATIONS, DELIRIUM, DISORIENTA- 
TION, ANXIETY AND HYPERACTIVITY. 





Dramatic reversal within minutes of coma, hallucina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered anoxia 
or other insult. Therapeutic doses may be necessary 
at intervals as life-threatening signs recur. Physostig- 
mine is destroyed in the body in 60 to 120 minutes. 


CONTRAINDICATIONS: Physostigmine should not 
be used in the presence of asthma, gangrene, dia- 
betes, cardiovascular disease, mechanical obstruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving choline 
esters or depolarizing neuromuscular blocking 
agents. 





Pertofrane} 


DRUGS AND CHEMICALS CAPABLE OF PRODUCING ANTICHOLINERGIC POISONING: 


AMITRIPTYLINE DICYCLOMINE 
(Elavil, Triavil, DIPHENHYDRAMINE 
Etrafon) DOXEPIN 
ANISOTROPINE (Sinequan) 
METHYLBROMIDE HOMATROPINE 
ATROPINE HYOSCINE 
BELLADONNA HYOSCYAMUS 
BENACTYZINE IMIPRAMINE 
CHLORPHENIRAMINE (Tofranil, Presamine) 
CYCLOPENTOLATE ISOPROPAMIDE 
DESIPRAMINE MEPENZOLATE 
orpramin, 





WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


Intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 


An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is 0.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 


IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. per ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
Out prescription. 


REFERENCES: 

Greene, L. T.: Physostigmine treatment of anti- 
cholinergic drug depressionin postoperative patients. 
Anesth & Analg, March-April 1971; 50-2: 222-226. 
Rumack, B.: Anticholinergic poisoning: Treatment 
with physostigmine. Pediatrics, Sept. 1973. 

Slovis, T. L., Ott, J. E., Tietelbaum, D. T., and Lips- 
comb, W.: Physostigmine therapy in acute tricyclic 
antidepressant poisoning. Clinical Toxicology, 
4:451, 1971. 















METHANTHELINE SCOPOLAMINE 
METHAPYRILENE STRAMONIUM 
NORTRIPTYLINE PHENOTHIAZINES . 
(Aventyl) TRICYCLIC 
PIPENZOLATE ANTIDEPRESSANTS 
BROMIDE (Aventyl, Elavil, 
(Piptal) Etrafon, Norpramin, 
PROPANTHELINE Pertofrane, 
PROTRIPTYLINE Presamine, Tofranil, 
(Vivactil) Triavil, Vivactil) 
PYRILAMINE THIORIDAZINE 









(Mellaril) 





O'NEAL, JONES & FELDMAN, INC. 


2510 METRO BLVD. * ST. LOUIS, MO. 63043 « (314) 569-3610 
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In diagnostic or 
\neurosurgical 
procedures 


when you want the patient to change 
position or respond to commands 
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Potent narcotic analgesic action... 
with an added dimension of control 


oOUBLIMAZE* (fentanyl) provides: 


e Profound analgesia with minimal 
cortical depression 





e Hapid onset of analgesia - 
peak effect within 5 minutes I.V, 8 minutes I.M. 


e Short duration of analgesic action — 
30 to 60 minutes with a single I. V. ! 
dose of up to 0.1 mg. (Respiratory depressant 
effects may last longer than the 
analgesia.) 





e immediate reversibility by narcotic 
antagonists 


e Little or no histamine release — 
decreased risk of cardiovascular instability 


e Minimal emetic effect — 


has been used successfully to prepare nonfasting 
patients for awake intubation 


SUBLIMAZE. 


(fentanyl) injection 


0.05 mg./ml. as the citrate Sodium hydroxide for adjustment of pH to 4.0-7.5 
Warning: May be habit forming 








SUBLIMAZE*" (fentanyl) injection is available for use only upon direction of a physician. 
Enr inftarmatine roalatine ta Ma l oat ame Momma Des aeo tmn 2s ^skiosee 2k sete tt 1 
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ANESTHESIA and. ANALGESIA . . . Current Researches 


entanyl) injection 


0.05 mg./ml. as the citrate 


Sodium hydroxide for adjustment of pH to 4.0-7.5 


Warning: May be habit forming 


INDICATIONS SUBLIMAZE (fentanyl) is indicated: 


-for analgesic action of short duration during the anesthetic periods, premedi- 
cation, induction, and maintenance, and in the immediate postoperative period 
(recovery room) as the need arises. 

—for use as a narcotic analgesic supplement in general or regional anesthesia. 
-for administration with a neuroleptic such as INAPS/NE® (droperidol) injection 
as an anesthetic premedication, for the induction of anesthesia and as an 
adjunct in the maintenance of general and regional anesthesia 
CONTRAINDICATIONS SUBLIMAZE (fentanyl) is contraindicated in patients 
with known intolerance to the drug. 

WARNINGS AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE 
RECEIVED SUBLIMAZE (fentanyl) SHOULD HAVE APPROPRIATE SURVEIL- 
LANCE. 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE 
READILY AVAILABLE TO MANAGE APNEA. 

See also discussion of narcotic antagonists in Precautions and Overdosage. 
If SUBLIMAZE (fentanyl) is administered with a tranquilizer such as /NAPSINE 
(droperidol), the user should familiarize himself with the special properties of 
each drug, particularly the widely differing durations of action. In addition, when 
such a combination is used fluids and other countermeasures to manage 
hypotension should be available. 

As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE 
(fentanyl) persists longer than the measured analgesic effect. The total dose of 
all narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, should be used in reduced doses 
initially, as low as 1/4 to 1/3 those usually recommended. SUBLIMAZE (fentanyl) 
may cause muscle rigidity, particularly involving the muscles of respiration. The 
effect is related to the speed of injection and its incidence can be reduced by 
the use of slow intravenous injection. Once the effect occurs, it is managed by 
the use of assisted or controlled respiration and, if necessary, by a neuromuscu- 
lar blocking agent compatible with the patient's condition. 

Drug Dependence - SUBLIMAZE (fentanyl) can produce drug dependence of 
the morphine type and therefore has the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported 
with narcotic analgesics. Since the safety of fentanyl in this regard has not been 
established, the use of SUBLIMAZE (fentanyl) in patients who have received 
MAO inhibitors within 14 days is not recommended. 

Head Injuries and Increased Intracranial Pressure — SUBLIMAZE (fentanyl) 
should be used with caution in patients who may be particularly susceptible to 
respiratory depression, such as comatose patients who may have a head injury 
or brain tumor. In addition, SUBLIMAZE (fentanyl) may obscure the clinical 
course of patients with head injury. 

Usage in Children — The safety of SUBLIMAZE (fentanyl) in children younger 
than two years of age has not been established. 

Usage in Pregnancy - The safe use of SUBLIMAZE (fentanyl) has not been 
established with respect to possible adverse effects upon fetal development. 
Therefore, it should be used in women of childbearing potential only when, in 
the judgment of the physician, the potential benefits outweigh the possible 
hazards. There are insufficient data regarding placental transfer and fetal ef- 
fects; therefore, safety for the infant in obstetrics has not been established. 
PRECAUTIONS The initial dose of SUBLIMAZE (fentanyl) should be appro- 
priately reduced in elderly, debilitated and other poor-risk patients. The effect of 
the initial dose should be considered in determining incremental doses. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves. 
Through other mechanisms (see Actions) SUBLIMAZE (fentanyl) can also alter 
respiration. Therefore, when SUBLIMAZE (fentanyl) is used to supplement these 
forms of anesthesia, the anesthetist should be familiar with the physiological 
alterations involved, and be prepared to manage them in the patients selected 
for these forms of anesthesia. When used with a tranquilizer such as /NAPSINE 
(droperidol), blood pressure may be altered and hypotension can occur. 
Vital signs should be monitored routinely. 

SUBLIMAZE (fentanyl) should be used with caution in patients with chronic 


obstructive pulmonary disease, patients with decreased respiratory reserve, 
and others with potentially compromised respiration. In such patients, narcotics 
may additionally decrease respiratory drive and increase airway resistance. 
During anesthesia, this can be managed by assisted or controlled respiration. 
Respiratory depression caused by narcotic analgesics can be reversed by 
narcotic antagonists. Appropriate surveillance should be maintained because 
the duration of respiratory depression of doses of fentanyl employed during 
anesthesia may be longer than the duration of the narcotic antagonist action 
Consult individual prescribing information (levallorphan, nalorphine and 
naloxone) before employing narcotic antagonists 

When a tranquilizer such as /INAPSINE (droperidol) is used with SUBLIMAZE 
(fentanyl), pulmonary arterial pressure may be decreased. This fact should be 
considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine 
final management of the patient 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) will have additive or potentiating effects with SUBLIMAZE 
(fentanyl). When patients have received such drugs. the dose of SUBLIMAZE 
(fentanyl) required will be less than usual. Likewise, following the administra- 
tion of SUBLIMAZE (fentanyl), the dose of other CNS depressant drugs should 
be reduced. 

SUBLIMAZE (fentanyl) should be administered with caution to patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 

SUBLIMAZE (fentanyl) may produce bradycardia, which may be treated with 
atropine; however, SUBLIMAZE (fentanyl) should be used with caution in pa- 
tients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as /NAPSINE 
(droperidol), hypotension can occur. If this occurs, the possibility of 
hypovolemia should also be considered and managed with appropriate paren- 
teral fluid therapy. Repositioning the patient to improve venous return to the 
heart should be considered when operative conditions permit. Care should be 
exercised in moving and positioning of patients because of the possibility of 
orthostatic hypotension. If volume expansion with fluids plus other countermea- 
sures do not correct hypotension, the administration of pressor agents other 
than epinephrine should be considered. Because of the alpha-adrenergic 
blocking action of /INAPSINE (droperidol), epinephrine may paradoxically de- 
crease the blood pressure in patients treated with /NAPSINE (droperidol). 
When /NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) and the EEG is 
used for postoperative monitoring, it may be found that the EEG pattern returns 
to normal slowly. 

ADVERSE REACTIONS As with other narcotic analgesics, the most common 
serious adverse reactions reported to occur with SUBLIMAZE (fentanyl) are 
respiratory depression, apnea, muscular rigidity, and bradycardia; if these 
remain untreated, respiratory arrest, circulatory depression or cardiac arrest 
could occur. 

Other adverse reactions that have been reported are hypotension, dizziness, 
blurred vision, nausea, emesis, laryngospasm, and diaphoresis. 

When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE 
(fentanyl), the following adverse reactions can occur: chills and/or shivering, 
restlessness, and postoperative hallucinatory episodes (sometimes associated 
with transient periods of mental depression); extrapyramidal symptoms (dys- 
tonia, akathisia, and oculogyric crisis) have been observed up to 24 hours 
postoperatively. When they occur, extrapyramidal symptoms can usually be 
controlled with anti-Parkinson agents. Postoperative drowsiness is also fre- 
quently reported following the use of INAPSI/NE (droperidol). 

Elevated blood pressure, with and without pre-existing hypertension, has been 
reported following administration of SUBLIMAZE (fentanyl) combined with /N- 
APSINE (droperidol). This might be due to unexplained alterations in sympa- 
thetic activity following large doses; however, it is also frequently attributed to 
anesthetic and surgical stimulation during light anesthesia. 


U.S. Patent No. 3,164,600 


McNeil Laboratories, Inc. 


Fort Washington, Pa. 19034 
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Potent narcotic analgesic action... . 
with an added dimension of control 


SUBLIMAZE. 
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NARKOMED 








WE'VE 
EXPANDED 
FAMILY 


North American Drager is 
pleased to announce a new 
member to our Narkomed family 
of Anesthesia Machines "The 
Narkomed Compact" — 
contemporary in design and 
styling utilizing many of our 
standard Narkomed components 
assembled on a smaller frame 
for use where floor space is 

at a premium. A refreshing new 
dimension in Anesthesia Machine 
design and styling — "The 
Narkomed Compact," 





Write for Complete Details 


NORTH AMERICAN DRAGER 


148E QUARRY ROAD 
TELFORD, PENNSYLVANIA 18969 PHONE: 215-723-9824 


in selected cases of shock 


24mg/ ml 









INJECTION 


DEGADRON ow: 


(DEXAMETHASONE SODIUM PHOSPHATE | MSD) 


Contraindications: Systemic fungal infections (See Warnings re ampho- 
tericin B); hypersensitivity to any component. 

Warnings: Corticosteroids may exacerbate systemic fungal infections. and 
should not be used in presence of such infections unless needed to control 
reactions to amphotericin B; there have been cases reported in which 
concomitant use of amphotericin B and hydrocortisone was followed by 
cardiac enlargement and congestive failure. In patients subjected to unusual 
stress, increase dosage of rapidly acting corticosteroids before, during, and 
after the stressful situation. Corticosteroids may mask some signs of 
infection; new infections, decreased resistance, and inability to localize 
infection may occur. Moreover, corticosteroids may affect the nitroblue- 
tetrazolium test for bacterial infection and produce false negative results. 
Prolonged use of corticosteroids may produce posterior subcapsular cataracts 
and glaucoma with possible damage to optic nerves and may enhance the 
establishment of secondary, fungal or viral ocular infections. 

Usage in pregnancy: In pregnancy or women of childbearing potential, weigh 
anticipated benefits against possible hazards to mother and embryo or fetus. 
Infants of mothers on substantial doses of corticosteroids during pregnancy 
should be carefully observed for signs of hypoadrenalism. Corticosteroids 
appear in breast milk and could suppress growth, interfere with endogenous 
corticosteroid production, or cause other unwanted effects; mothers taking 
pharmacologic doses of corticosteroids should be advised not to nurse. 
Elevation of blood pressure, salt and water retention, and increased excretion of 
potassium may occur with large doses of synthetic corticosteroids: dietary 
salt restriction and potassium supplementation may be necessary. Ail 
corticosteroids increase calcium excretion. Patients on corticosteroids should 
not be vaccinated against smallpox and other immunization procedures should 
not be undertaken: this warning does not apply to those receiving cortico- 
steroids as replacement therapy, e.g., for Addison's disease. 

in active tuberculosis, use should be restricted to fulminating or disseminated 
tuberculosis and should be in conjunction with appropriate antituberculous 
regimen; in latent tuberculosis or tuberculin reactivity, close observation is 
necessary as reactivation of the disease may occur, and patients should receive 
chemoprophylaxis during prolonged corticosteroid therapy. 

Because rare instances of anaphylactoid reactions have occurred in patients 
receiving parenteral corticosteroid therapy, appropriate precautionary 
measures should be taken prior to parenteral administration, especially in 
patients with history of drug allergy. 

Precautions: This steroid is sensitive to heat and should not be autoclaved. 
Drug-induced secondary adrenocortical insufficiency, which may be minimized 
by gradual reduction of dosage, may persist for months after discontinuation of 
therapy. In any situation of stress occurring during that period, hormone 
therapy should be reinstituted. If patient already is receiving steroids, dosage 
may have to be increased. Since mineralocorticoid secretion may be impaired, 
salt and/or mineralocorticoid should be administered concurrently. 

in hypothyroidism and in cirrhosis, there is an enhanced effect of corti- 
costeroids. Use cautiously in patients with ocular herpes simplex for feat of 
corneal perforation. 

The lowest possible dose should be used, and when reduction in dosage IS 
possible, it must be gradual. Psychic derangements may appear. ran ging from 
euphoria, insomnia, mood swings, personality changes, and severe depression 
to frank psychotic manifestations, and existing emotional instability or 
psychotic tendencies may be aggravated. Psychological and/or physiological 
dependency may develop with long-term use; withdrawal symptoms include 
anorexia, vague pains, weakness, and lethargy. In hypoprothrombinemia, use 
aspirin cautiously in conjunction with corticosteroids. 

Use with caution in nonspecific ulcerative colitis, if there is a probability of 
impending perforation, abscess, or other pyogenic infection, also in 
diverticulitis, fresh intestinal anastomoses, active or latent peptic ulcer, renal 
insufficiency, hypertension, osteoporosis, and myasthenia gravis. Fat 


embolism has been reported as a possible complication of hypercortisonism. 


When large corticosteroid doses are given, some authorities advise that 
antacids be administered between meals to help to prevent peptic ulcer 

Growth and development of infants and children on prolonged therapy should 
be carefully followed. Motility and number of spermatozoa may be increased or 
decreased. Phenytoin, phenobarbital, and ephedrine may enhance the metabolic 
clearance of corticosteroids, resulting in decreased blood levels and lessened 
physiologic activity, thus requiring adjustment in corticosteroid dosage; this 
interaction may interfere with the dexamethasone suppression test which 
should be interpreted with caution during administration of these drugs. Pro- 
thrombin time should be checked frequently in patients receiving concomitant 


coumarin anticoagulants because of reports that corticosteroids have altered 
the response to these anticoagulants; studies have shown the usual effect to 
be inhibition of response to coumarins, although there have been some reports 
of potentiation. When corticosteroids are administered concomitantly with 
potassium-depleting diuretics, patients should be observed closely for 
development of hypokalemia. 

intra-articular injection may produce systemic as well as local effects. 
Appropriate examination of any joint fluid present is necessary to exclude a 
septic process. Marked increase in pain accompanied by local swelling, further 
restriction of joint motion, fever, and malaise ts suggestive of septic arthritis; if 
this complication occurs and diagnosis of sepsis is confirmed, appropriate 
antimicrobial therapy should be instituted. Injection of a steroid into an infected 
site is to be avoided. Corticosteroids should not be injected into unstable joints. 
Patients should be impressed strongly with the importance of not overusing 
joints in which symptomatic benefit has been obtained as long as the 
inflammatory process remains active. Frequent intra-articular injection may 
result in damage to joint tissues. In intercostal neuritis and neuralgia, guard 


against entering the pleura; sudden sharp pain during injection may mean the à 
pleura has been penetrated. The slower rate of absorption by intramuscular — * 





(compared to intravenous) administration should be recognized. 
Adverse Reactions: Fluid and electrolyte disturbances— Sodium retention: 
fluid retention: congestive heart failure in susceptible patients: potassium 
loss: hypokalemic alkalosis, hypertension. Musculoskeletal — Muscle 
weakness: steroid myopathy; loss of muscle mass; osteoporosis; vertebral 
compression fractures; aseptic necrosis of femoral and humeral heads: 
pathologic fracture of long bones. Gastrointestinal— Peptic ulcer with 
possible subsequent perforation and hemorrhage: pancreatitis: abdominal 
distention; ulcerative esophagitis. Dermatologic— impaired wound healing; 
thin fragile skin, petechiae and ecchymoses: erythema: increased sweating: 
may suppress reactions to skin tests; burning or tingling, especially in the 
perineal area (after IV injection); other cutaneous reactions, such as allergic 
dermatitis, urticaria, angioneurotic edema. Neurologic— Convulsions: 
increased intracranial pressure with papilledema (pseudotumor cerebri) 
usually atter treatment; vertigo; headache. Endocrine— Menstruai 
irregularities; development of cushingoid state; suppression of growth in 
children. secondary adrenocortical and pituitary unresponsiveness, 
particularly in times of stress, as in trauma, Surgery, of iness; decreased 
carbohydrate tolerance; manifestations of latent diabetes mellitus; increased 
requirements for insulin or oral hypoglycemic agents in diabetics. 
Ophthalmic — Posterior subcapsular cataracts; increased intraocular 


pressure: glaucoma; exophthalmos. Metabolic— Negative nitrogen balance ` 


due to protein catabolism. Üther— Anaphylactoid or hypersensitivity 
reactions; thromboembolism; weight gain; increased appetite; nausea: 
malaise: psychological and/or physiological dependency. Additional adverse 
reactions related to parenteral corticosteroid therapy: Rare instances of 
blindness associated with intralesional therapy around the face and head; 
hyperpigmentation or hypopigmentation; subcutaneous and cutaneous 
atrophy; sterile abscess; postinjection flare (following intra-articular use): 
Charcot-like arthropathy. 

Note: Injection, 4 mg/ml — For intravenous, intramuscular, intra- articular, 
intralesional, and soft-tissue injection. Injection, 24 mg/ml — For 
intravenous injection only. DOSAGE REQUIREMENTS ARE VARIABLE AND 
MUST BE INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENT. 

How Supplied: Injection in two concentrations: Injection, 4 mg/ml. in i-mi 
disposable syringes and 1-ml, 5-ml, and 25-ml vials, containing per mí: dexa- 
methasone sodium phosphate equivalent to 4 mg dexamethasone phosphate 
or 233 mg dexamethasone; Inactive ingredients per ml: 8 mg creatinine, 
10 mg sodium citrate, sodium hydroxide to adjust pH, water for injection q.s. 
with 1 mg sodium bisulfite, 1.5 mg methylparaben, and 0.2 mg propylparaben 
added as preservatives; Injection, 24 mg/mi, in 5.mi and 10-mi vials. 
containing per ml: dexamethasone sodium phosphate equivalent to 24 mg 
dexamethasone phosphate or 20 mg dexamethasone, inactive ingredients per 
mi: 8 mg creatinine, 10 mg sodium citrate, 0.5 mg disodium edetate, sodium - 
hydroxide to adjust pH. water for injection q.s., with 1 mg sodium bisulfite. 
1.5 mg methylparaben, and 0.2 mg propylparaben added as preservatives. 


MSD 


Boe 


For more detailed information, consult your MSD 
representative or see full prescribing information. 
Merck Sharp & Dohme, Division of Merck & Co. Inc. 
West Point, Pa. 19486 1601028 111121 
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No high volume/ 
pressure cuff is 
superior to that which 
you now get wi 
HI-LO tracheal tube 
from National Catheter. 


National Catheter has pioneered the way in cuff 

design and tracheal tube development. Now National 
Catheter has done it again. We've taken the x-ray tip. 
and extended it for the full length of the tracheal tube ^ 
so that it’s easily visible under x-ray from the distal 
tip to the proximal end...an important advantage, 
particularly when x-ray is needed for location of 

the tip and tube and is also of significant 

advantage to the pediatric tracheal tube user. 

Add to this the feature that the pilot 

balloon of the sealing valve has been made 

blue and you contribute to over-all 

improved visibility. 

The x-ray line feature and the biue 

pilot balloon have also been 


incorporated into the LO-PRO™ 
tracheal tube from National Catheter. 
In fact, the full x-ray line... 


extending from tip to tip offers such 
advantages that it has been added 
to all tracheal and tracheostomy 
tubes from National Catheter. 

But then, you have rightly come to 


expect advantage and innovation 
from National Catheter Corporation. 
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Fenwal 

20 Micror 
High. 

Capacity 


transfusion filte 
















Nature's remarkable filter This umbrella-like house belongs 
to the smallest and rarest of Appendicularians, the family of 
Kowalevskiidae. In addition to protecting the animal and 
keeping it afloat, the nickel-sized mucus balloon is equipped 
with miniature filters that trap and concentrate food. Though 
most abundant in coastal waters and over the continental 
shelves, these creatures are found in every ocean of the 
world, where they have the extraordinary ability to remove 
millions of cells from a few milliliters of water. 


.excels in 
flow rate and 
microaggregate removal 


The Fenwal 20 Micron High Capacity Transfusion Filter is the latest achievement in advanced 
blood transfusion devices. The data compiled"? indicates that it delivers remarkably rapid flow 
rates and is extremely efficient in removing microaggregates down to 20 microns in size. 

Until the innovation of the Fenwal 20 Micron High Capacity Transfusion Filter, only one truly 
outstanding performance characteristic was attainable during transfusion... rapid flow rate or 
efficient microaggregate removal. Now both are attainable. Combined with these outstanding 
characteristics is the filters capacity for multiple unit transfusions. Ask your Fenwal Specialist 


for details on the 20 Micron High Capacity Transfusion Filter. 


An Example of the Fenwal 20 Micron 
High Capacity Filters EWICIORC- 


Fig. A 
Scanning Electron wi? 
Microphotographs 


Fig. A. Before filtration 


60x magnification of 20um 
screen having filtered 21-day CPD 
whole blood. 


Fig. B. 1800x detail of microaggre- 
gates and debris depicted in Fig. A. 


Fig. C. After filtration 








60x magnification of 20 um | 

screen having filtered 21-day CPD . 

whole blood that had been filtered Èr cera 

first with the Fenwal 20 Micron i a6 868 eeenrpenenwenne 

High Capacity Filter. pee eee eee ee eee 
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The six-layer, large surface area, graduated density design capacity for multiple unit blood transfusion. The 

of the Fenwal 20 Micron High Capacity Transfusion Filter graduated density principle results in uniform collec 
presents countless pathways through which blood may of debris throughout the filter media. Microaggrega 
flow. Exceptionally rapid flow rates are possible as this are trapped in the open upper layer, while the dense 
multiplicity of paths offers minimal resistance to blood bottom layers efficiently remove microaggregates d 
flow. The large surface area provides extended filtering to 20 microns in diameter. 


BLOOD FLOW TIME (sec/100 ml) 


% CHANGE OF 
MICROAGGREGATE VOLUME 


Combining Rapid Flow Rate and 

Remarkable Filtering Efficiency 

These charts are derived from an independent laboratory study.' 
filters studied were commercially available. The tests employed i 
the study are compatible with accepted techniques and duplicat 
earlier published report? 


Chart 1. Blood Flow Time 
Time required to filter 100 ml of 21-day CPD whole blood 
Chart 2. 4 Change of Microaggregate Volume 
indicates filter's efficiency in removing microdebris dow 
10-80 micron range. 


Code 4C2423 

20 MICRON HIGH CAPACITY TRANSFUSION FILTER for remova 
microaggregates from whole blood or red blood cells. Multiple u 
may be administered through this filter. Packaged 1 unit per box, 
24 boxes per case. 

Read directions provided with this product before using. Observe 
notes and cautions. 

Caution: Federal (U.S.A.) law restricts this device to sale by or o 
order of a physician. 


References 

1 Marshall, B.E., Wurzel. H.A., Ewing, B., et al Evaluation of Fenwal 4C2423 
Transfusion Filter Submitted for publication, 1976 

2 Marshall, B.E.. Wurzel, H.A., Ellison, N., et al. Microaggregate formation in stored 
blood. Comparison of Bentley, Fenwal, Pall, and Swank. Circ. Shock 2:4, 249-63, 1 
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FOR THE ATTENTION OF 


PROGRAM DIRECTORS and STUDENTS IN MEDICAL, DENTAL, 
OSTEOPATHIC AND NURSE ANESTHESIA TRAINING PROGRAMS 


Please clip and mail this to: 


International Anesthesia Research Society 
3645 Warrensville Center Rd., Cleveland, Ohio 44122 


| am a Program Director in an accredited anesthesia or anesthesia related (physician assistant, 


inhalation therapy) training program and would like to have. Educational Membership 
applications for students enrolled in my program. 


[ ] ! am a student enrolled in an accredited anesthesia or anesthesia related training program. Please 
send me application for Educational Membership which includes a two-year subscription to ANES- 
THESIA and ANALGESIA . . . Current Researches for $25. 


(NAME - PLEASE PRINT) (INSTITUTION) 


(MAIL ADDRESS) (CITY, STATE AND ZIP) 


ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 

3645 Warrensville Center Road 

Cleveland, Ohio 44122 

Please change my mail address for ANESTHESIA and ANALGESIA . . . Current Researches, effective 


—————————— —— 





FROM—(Current or former address) TO—(New Address) 
Street Address Street Address 
City, State, Zip Code City, State, Zip Code 


Important: Show your name and address exactly 
as your Journal is now addressed. Print Your Name 
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NARCOTIC 
ANESTHESIA 


e Despite many advantages, the 
use of opioids to supplement 
nitrous oxide anesthesia may 
be associated with significant 
postoperative depression. 


NARCAN* 
(naloxone HCI) 


e Narcan® in sufficient doses will 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


e The degree of narcotic 
antagonism exhibited by 
NARCAN® is dose dependent. 


A recent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depression 
and maintain a subjective 
level of analgesia.' 


THE OBJECTIVES: 


e Restore consciousness 


e Reverse narcotic-induced 
respiratory depression as 
evidenced by PaCO» 


e Maintain subjective analgesia 


THE METHOD: 


e 12 unpremedicated patients 
received INNOVAR® (fentanyl/ 
droperidol) 5-10 ml I.V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with N20-O». 
Increments of 0.1 mg fentanyl 
were given |.V. every 10 
minutes during surgery. 


Following the procedure, 
naloxone (0.1 mg/ml) was 
given in 0.1 mg lI. V. increments 
at 1 minute intervals until the 
patient was awake, lucid and 

1. Heisterkamp DV, Cohen PJ: Anesth Analg (Cleve) 53:12-18, Jan-Feb 1974. had adequate tidal and minute 
NARCAN* is an Endo registered U.S. trademark; U.S. Pat. 3,254,088 volumes. Additional naloxone 
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was given I. V. as needed in the 
first 6 patients; a second 
group of 6 patients received 
supplemental naloxone I.M. 
30 minutes after the initial 

l.V. dose. 


e 11 patients received 10 mg 
morphine |.M., as well as seco- 
barbital and atropine, 1% hours 
preoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly |. V. followed by 
thiopental and was maintained 
by N20-02. Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 
first hour. Further morphine 
was given as needed. For 
initial narcotic reversal. 
naloxone was given as above 
except at 2 minute intervals. 
Supplemental naloxone was 
given I. M. 30 minutes later. 


THE RESULTS 
(fentanyl group): 

' When fentanyl was used as the 
sole narcotic supplement 
during anesthesia, an I. M. dose 
of naloxone equal to half the 
I.V. reversal dose and given % 
hour later provided adequate 
narcotic reversal. 


ARTERIAL CARBON DIOXIDE TENSIONS 
(MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 
NALOXONE TO ANTAGONIZE FENTANYL 
55 


60 90 120 150 180 


Contro 30 


8 


P 
o 


5 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 
8 è 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


Fig. 1. Control and postoperative PaCO> in 6 patients 
receiving I. V. and I.M. naloxone following fentanyl 


THE RESULTS 
(morphine group): 

e After other narcotics, such as 
morphine, an I. M. dose of 
naloxone equal to the I. V. dose 
appears appropriate” 


ARTERIAL CARBON DIOXIDE TENSIONS 
(MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 
NALOXONE TO ANTAGONIZE MORPHINE 
55 


8 


45 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 
& 


Control 30 60 90 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


120 150 180 210 240 


Fig. 2. Control and postoperative PaCO> in 11 patients 
receiving I. V. and I. M. naloxone following morphine 


THE CONCLUSIONS: 


" Naloxone provides fast, 
potent, and reliable antagonism 
to narcotic-induced respiratory 
depression.” 


“By careful titration, this antag- 
onism can be achieved while 
acceptable analgesia is 
maintained: 


“Both morphine and fentanyl 
groups had adequate anal- 

gesia, with only 2 patients [of 
total 21] requiring pain medi- 
cation in the recovery room" 
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e reverses all degrees of 
narcotic-induced respiratory 
depression 


* does not cause narcotic-like 
effects 


e does not augment non- 
narcotic depression 


* acts rapidly —generally within 
2 minutes following I.V. use 
and slightly less rapidly when 
given I.M. 


* does not lead to tolerance 


e does not produce psychoto- 
mimetic effects or pupillary 
constriction 


* can be repeated if initial dose 
doesn't produce desired 
degree of narcotic reversal 
and improvement in respira- 
tory function 


e following satisfactory re- 
sponse patient should be 
observed closely and given 
repeat doses, if necessary, 
since the duration of action of 
Some narcotics may exceed 
that of NARCAN® 


Please see next page for com- 
plete prescribing information. 


€ndo Laboratories. Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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-restored consciousness 
-reversed narcotic-induced 


respiratory depression 
maintained subjective analgesia 


NARCAN 
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(26) 


ANESTHESIA and ANALGESIA . . 


. Current Researches 


can reverse narcotic-induced respiratory depression 
while maintaining subjective analgesia 








DESCRIPTION NARCAN® (naloxone hydrochloride), a narcotic antagonist, is a synthetic congener 
of oxymorphone. In structure it differs from oxymorphone in that the methyl group on the nitrogen 
atom is replaced by an aliyi group. 


CH, CH= CH 
N 
Wa - 
HR © o 


NALOXONE HYDROCHLORIDE 
IN-allyi-nor-oxymorphone HCI) 


Naloxone hydrochloride occurs as slightly off-white crystals, and is soluble in water, slightiy solu- 
bie in alcohol and practicaliy insoluble in ether. 


NARCAN® (naloxone hydrochloride) Injection is available in two concentrations, 0.02 mg acd 0.4 
mg of naloxone hydrochloride per mi. Each ml of either strength contains 8.6 mg of sodium chlo- 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 810 1. pH is 
adjusted with hydrochloric acid. 

ACTIONS NARCAN® (naloxone hydrochloride) is an essentially pure narcotic antagonist, ie. it 
does not possess the “agonistic” or morphine-like properties characteristic of other narcolic 
antagonists; NARCAN® (naloxone hydrochloride) does not produce respiratory depression, psycho- 
tomimetic effects or pupillary constriction. In the absence of narcotics or agarustic effects of 
other narcotic antagonists it exhibits essentially no pharmacologic activity. 


in the presence of physical dependence on narcotics NARCAN® (naloxone hydrochloride] will 
produce withdrawal symptoms; if has not been shown to produce tolerance nor to cause physical 
ot psychological dependence. 

When NARCAN* (naloxone hydrochloride) is administered intravenously the onset of action is gen- 
erally apparent within two minutes; the onset of action is only slightly less rapid when it i 
administered subcutaneously or intramuscularly. The duration of action is dependent upor the 
dose and route of administration of NARCAN® {naloxone hydrochloride). intramuscular adminis- 
tration produces a more prolonged effect than intravenous administration. The requirement for 
repeat doses of NARCAN® (naloxone hydrochloride), however, will also be dependent uponithe 
amount, type and route of administration of the narcotic being antagonized. 

INDICATIONS NARCAN* (naloxone hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic narcot- 
ics, propoxyphene and the narcotic-antagonist analgesic pentazocine. 

NARCAN® inaloxone hydrochloride) is also indicated for the diagnosis of suspected acutespiate 
overdosage. 

CONTRAINDICATIONS NARCAN* (naloxone hydrochloride} is contraindicated in patients known to 
be hypersensitive to it. 


WARNINGS NARCAN* (naioxone hydrochloride) should be administered cautiously to persons 
including newborns of mothers whe are known or suspected to be physically dependent on 
opioids. in such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome, 


The patient who has satisfactorily responded to NARCAN® (naloxone hydrochloride) should be kept 
under continued surveillance and repeated doses of NARCAN® (naloxone hydrochloride) should be 
administered, as necessary, since the duration of action of some narcotics may exceed that of 
NARCAN® {naloxone hydrochloride). 

NARCAN® (naloxone hydrochloride) is not effective against respiratory depression due to aon- 
opioid drugs. 

Usage in Pregnancy Safe use of NARCAN® (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 
of other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, NARCAN® 
(naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 


PRECAUTIONS In addition to NARCAN* (naloxone hydrochloride}, other resuscitative measures 
such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopressor 
agents should be available and employed when necessary te counteract acute narcotic poisoning. 


in an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, and 


NAR 


(naloxone HCI) 


a 
® 


either isoproterenol or epinephrine for hypotension following cardiopulmonary bypass procedures, 
developed ventricular tachycardia or fbrilation when given NARCAN® {naloxone hydrochloride! 
IX. at Gand 14 hours, respectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN* {naloxone hydrochloride) 
should be used with caution in patients with cardiac irmtabitity. 

ADVERSE REACTIONS in rare instances nausea and vomiting have been reported in postoperative 
patients receiving NARCAN® (naloxone hydrochloride) in doses higher than that recommended, a 
cause and effect relationship has not been established. 


DOSAGE AND ADMINISTRATION NARCAN* (naloxone hydrochloride) may be administered miraven- 
qusly, intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency situations, 


Since the duration of action of some narcotics may exceed that of NARCAN® (naloxone hydrochin- 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN* 
tnaloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose —Known or Suspected The usua! initial adult dose is 0.4 
mg (i mi} NARCAN® (naloxone hydrochioride) administered LV., LM. or S.C. if the desired degree 
of counteraction and improvement in respiratory function is not obtained immediately following 
V. administration, it may be repeated intravenously at 2 to 3 minute intervals. Failure te obtain 
significant improvement after 2 or 3 doses suggests that the condition may be due partly or com- 
pistely to other disease processes or non-opioid drugs. 

Post Operative Narcotic Depression For the partial reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN* (naloxane hydrochionde) are usually 
sufficient. The dose of NARCAN® (naloxone hydrochloride) should be titrated according to the 
patient's response. Excessive dosage of NARCAN® (naloxone hydrochloride) may result in signrfi- 
cant reversal of analgesia and increase in blood pressure. Simuariy, too rapid reversal may 
induce nausea. vomiting. sweating of tachycardia. 

For the initial reversal of respiratory depression, NARCAN* naloxone hydrochioride) should be 
injected in increments of 0.1 to 0.2 mg intravenously at twa ta three minute intervals to the 
desired degree of reversal ie., adequate ventilation and alertness without significant pain or dis- 
comfort. 

Repeat doses of NARCAN* inatoxone hydrochioride) may be required within one to two hour inter- 
vals depending upon the amount, type {Le short or long acting) and time interval since last 
administration of narcotic. Supplemental inttamusculat doses have been shown to produce a 
longer lasting effect. 

USAGE IN CHILDREN Narcotic Overdose — Known or Suspected The usual initial child dose is 
0.01 mg/kg body weight given LV. LM. or S.C. This dose may be repeated ir accordance with the 
adult administration guideline. f necessary, NARCAN* inatoxoue hydrochloride) can be diluted 
with sterile water for injection. 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered LV., LM. or S.C. This dose may be repeated in accordance with adult 
administration guidelines. 

HOW SUPPLIED 0.4 mg/m! af NARCAN® (naloxone hydrochloride? tar intravenous, intramuscular 
and subcutaneous administration. 

Avadadie in 1 mi ampuls in boxes of 10 and 100. 

0.02 mgml of NARCAN® inaloxone hydrochloride) NEONATAL INJECTION for intravenous. intra- 
muscular and subcutaneous administration. 

Available in 2 mi ampuls in boxes of 19 and 100 ampuls. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY in the mouse and rat the intravenous LÜso is 150 +5 
mg/kg and 109 +4 mg/kg respectively. In acute subcutaneous toxicity studies in newborn rats 
the LOso (95% CL) is 260 (228-295) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effects 
were seen at 10 mp/kg/day for 3 weeks. 

Reproductive studies including fertility, general reproductive performance, embryotoxicity, tera- 
tagenicity, and lactation did not show any abnormality in quce and rats at 10 mg/kg/day. 
NARCAN® (naloxone hydrochloride) Ampuls 

Stocked in Military Depot, NSN 6505-00-079- 7867 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (inc.) 
Garden City, N.Y. 11530 
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PATENT NO. 3,713,440 
PATENTS PENDING 
NEW PATENT APPLIED FOR 


‘fou are not 
¿ etting K&G’s genuine 
1' choles 99 filter. 





Nicholes 99. The disposable 
bacterial and viral retentive 
filter resulting from 15 years 
of extensive research and 
development. Featuring ex- 
clusive Patented, Patent 
Pending and Patent Applied 
For technology that no other 
filter (no matter how similar 
looking) can provide. 

And so well designed and 
manufactured, it meets or 
exceeds proposed standards 
for leakproof performance 
in anesthesia circuits. The 
secret behind Nicholes 99’s 
superior performance lies 

in its new electrostatic filter 
medium (Patent Applied 
For) that attracts, traps and 
holds over 99% of the 
pathogens (viruses as well 
as bacteria) found in the 
anesthesia system. 

(99% B.F.E.) 


“Research findings available upon request. 


Tests* prove the Nicholes 99 
protects patients from noso- 
comial infections (bacterial 
and viral) caused by cross- 
contamination of anesthesia 
equipment. It is conductive, 
lightweight and multi-direc- 
tional and my be interposed 
anywhere within the anes- 
thesia system. 

Other K&G anesthesia 
products include flexible, 
crimp-proof breathing tubes, 
a 3-litre breath - 
ing bag (that 
does not produce 
carbon breathe- 
out) and a 
specially en - 
gineered swivel 
wye piece 
designed for 
maximum 


flexibility Name 


Address 
City 


9090909090000000000000000000000€000000 


in positioning and move- 
ment. All components meet 
or exceed standards 

for leakage and are available 
in both conductive or non- 
conductive materials of the 
highest quality. 


For more information, free circuit 


and filter sample, 
or name of nearest 
dealer, mail coupon 
or call collect. 





Title 


Institution Name 
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K&G Healthcare Industries, Inc. 
7870 N.W. 57th Street Miami, Florida 33166 
(305) 592-9696 


Please send me further information on the 
Nicholes "99" Filter. 

.] Please arrange a demonstration for me on the 
Nicholes “99” Filter. 
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A 


OUTPUT 


Designed to facilitate single- 
hand operation in monitor- 
ing neuromuscular blockades 
and performing nerve blocks, 
the Dupaco Nerve Stimula- 
tor features three push- 
button switches to control A 

all operating modes. The 

control knob for setting 

linear motion level also en- 

ables the operator to obtain 

reproducible outputs. 

The three operating modes include a train- 
of-four pulses for monitoring neuromuscular 
blockade, a tetanus frequency of 100 Hz for a 
larger margin of safety in ensuring adequate re- 
versal of neuromuscular blockade, and a stand- 
by frequency of 0.1 Hz. 

Although the train-of-four mode is momentary 
for safety, it may be depressed for con- 
tinuous func- tion in performing nerve 
blocks. 














Stimulator 
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ATOR 


versatile 


(jDUPACO 


Snor 
2 PER SEC 
TETANUS 


Nerve 
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The Dupaco Nerve Stimulator 

features a neon pulse indicator 

which also serves as an on/off 

light, thereby extending the 

life of the battery. 

In addition, a stainless steel 

clip doubles as battery cempartment 

cover and a belt, linen or hook hanger. 


The Dupaco Nerve Stimulator- small, compact 
and versatile because it has to be. 





Post Office Box 98, San Marcos, Calif. 92069 


VERSAT ONE MULTI-PURPOSE DOPPLER INSTRUMENT 





FOR MONITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 


TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This sensitive Doppler probe is easy to 
tape in position for non-invasive detection 
and monitoring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff 
and manometer, systolic blood pressures 
may be obtained even on infants and 
hypotensive patients. 


FOR EARLY DETECTION 
OF VENOUS AIR EMBOLISM 


This sensitive wide-angle Doppler probe is 
particularly well suited for the detection 
of venous air emboli which may occur 
during neurosurgical procedures per- 
formed with the patient in the upright 
position. It also detects motion of the 
heart muscle, heart valves and blood flow. 








LISTED 


Usar 








VERSATONE D8 DOPPLER 


The Model D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeable probes of various frequencies 
and configurations. It is powered by a 
rechargeable battery and has a built-in 
loudspeaker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset for private listening, and a chart 
recording circuit. The two probes shown 
above are particularly useful to the 
anesthesiologist. Two sizes of pencil 
shaped probes are also available. These are 
useful for intraoperative assessment of 
flow in exposed vessels, as well as for 
transcutaneous flow detection. 


P.O. Box M e 340 Pioneer Way e Mountain View, CA 94042 
Toll-free telephone 800-227.8076 
In California call collect (415) 965.3333 


e 
(30) ANESTHESIA and ANALGESIA . . . Current Researches 


52nd Congress 





International Anesthesia Research Society 


March 19-23, 1978 


The San Francisco Hilton Hotel 


PLAN TO 


BE ABOARD 





- CALL FOR PAPERS 










August 5, 1977—-Deadline for submission of titles and 
abstracts. Application forms are available from: John 
T. Martin, M.D., Chairman, Program Committee, 
Medical College of Ohio at Toledo, C. S. 10008, ‘Toledo, 
Ohio 43699. 


SCIENTIFIC EXHIBIT APPLICATIONS are available from B. B. 
Sankey, M.D., Executive Secretary, International Anesthesia 
Research Society, 3645 Warrensville Center Road, Cleveland, 
Ohio 44122. 


ANESTHESIA AND ANALGESIA... Current Researches Vor. 56, No. 4, JULY-AUGUST, 1977 


* 


473 


Comparison of the Effects of Acupuncture 
and Codeine on Postoperative Dental Pain 


Y. F. SUNG, MD* 
M. H. KUTNER, PhDt 
F. C. CERINE, DDS# 
E. L. FREDERICKSON, MDS§ 


Atlanta, Georgia || 


The analgesic effects of acupuncture were com- 
pared with those of codeine in the treatment of 
postoperative dental pain in 40 healthy male 
volunteers 18 to 30 years old. 
Upon the patient's recovery from local anes- 
thesia (lidocaine), he was asked by a trained 
observer to classify the intensity of his pain as 
none, mild, moderate, or severe. He then re- 
ceived one of the following treatments: 
l. Placebo: lactose, plus acupuncture placebo 
2. Codeine: codeine, plus acupuncture placebo 
3. Acupuncture (Ho-Ku): lactose, plus 2 Ho- 
Ku points 


A vxore treatment has been used 
for thousands of years in traditional 
Chinese medicine. It has also come into 
widespread use in many nations in the last 
half century. One of the many uses of acu- 
puncture has been to produce analgesia. 
Within the last 2 decades, acupuncture use 
has been extended in mainland China and 
elsewhere to the production of anesthesia. 


In 1958, Western medicine began to be 
combined with traditional Chinese medicine 
in mainland China.! In 1960, the theory of 
acupuncture anesthesia and analgesia was 
reported by delegates from different cities 
of mainland China in their national confer- 


*Assistant Professor of Anesthesiology. 
tAssociate Professor of Biometry. 


4. Codeine-acupuncture: codeine, plus 2 Ho- 
Ku points 

The pain intensity score was recorded by the 
observer at half-hour intervals for 3 hours. Pa- 
tients in treatment groups 2, 3 and 4 showed 
significantly greater pain relief than those in 
treatment group 1. For the 1st half hour, 
there was more pain relief with Ho-Ku alone 
than with codeine plus Ho-Ko (p<0.01). How- 
ever, for the 2, 215, and 3-hour periods, codeine 
plus Ho-Ku produced more pain relief than 
any of the other treatments. 


ence in Shanghai for the exchange of experi- 
ences with the combination of traditional 
Chinese and Western medicine. That con- 
ference aroused vast interest with respect 
to the analgesic effects of acupuncture and 
prompted numerous reports in the Western 
world in support of the efficacy of this 
treatment modality.?-5 


On the other hand, Brennan's group? 
found that acupuncture was inferior to nerve 
block or oral narcotics for producing anal- 
gesia in experimental dental pain. Sung* 
also found that acupuncture produced in- 





*Unpublished data. 
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complete analgesic effects in comparison 
with local anesthetic agents in dental sur- 
gery. However, none of the reports cited 
above was based upon controlled experi- 
ments in which acupuncture and placebo 
were compared using a double-blind pro- 
cedure. 


The present experiments systematically 
studied the efficacy of acupuncture analge- 
sia in comparison with analgesia produced 
by a standard oral narcotic analgesic—co- 
deine—in postoperative dental pain. A pla- 
cebo condition was included in the study, 
and all data were collected on a double- 
blind basis. 


METHODS 


Forty healthy male volunteers in the age 
range of 18 to 30 participated in this study, 
which was conducted in association with the 
VA Hospital dental service. All volunteers 
had had operations for multiple tooth ex- 
tractions, mainly wisdom teeth. 


The volunteer's medical history was re- 
corded before operation. Exclusions from 
this study were for the following reasons: 
history of drug abuse, history of acupunc- 
ture treatment, dermatoses at the needle- 
insertion sites, severe systemic disease, or 
health problems requiring the taking of 
medication. Informed consent was obtained 
at the time of the interview, before the oral 
surgery was performed. The only anesthetic 
used was 2 percent lidocaine (without epi- 
nephrine), administered in multiple local 
injections in a total volume of 1.8 to 6 ml. 
As soon as the patient was free of the effects 
of the local anesthesia, generally at 45 min- 
utes to 2 hours after operation, a trained 
nurse observer asked the patient to classify 
the intensity of his pain as no pain (0), 
mild (1), moderate (2), or severe (3).7 
Immediately after this, the patient received 
one of the following 4 treatments, adminis- 
tered by the investigator, who had not been 
with the patient until this time. The treat- 
ment groups were: 


1. Placebo group (A, D,): Lactese in 
plain capsule, and 2 inactive acupuncture 
points (acupuncture placebo). 

2. Codeine group (A, D,): Codeine (60 
mg), in plain capsule, and 2 inactive acu- 
puncture points. 

3. Ho-Ku group (A, Dj): Lactese in 
plain capsule, and 2 Ho-Ku points. 

4. Codeine and Ho-Ku group (A, Dj): 
Codeine (60 mg), in plain capsule, and 2 
Ho-Ku points. 
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Active acupuncture, or Ho-Ku, points are 
on the meridian large intestine #4 (fig 1). 


Inactive acupuncture points, or acupunc- 
ture placebo, are on the midline of the 
thenar web, 5 mm above the edge (fig 2). 
This point was selected because it is close 
to the Ho-Ku points, but it is not on the 
meridian (fig 3). 





Fic 1. Location of Ho-Ku point (meridian large 
intestine #4). 





Fic 2. Location of inactive acupuncture site or 
“acupuncture placebo” (not on the meridian), at 
midline of thenar web, 5 mm above edge. 








Fia 3. Comparison of locations of Ho-Ku and 
inactive site (“acupuncture placebo."). 
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TABLE 
Analysis of Variance 








df SS MS F 
CREER 
Among subjects 39 120.06568 
(D) Drug 1 0.41667 0.41667 <1* 
(A) Acupuncture 1 7.85000 7.35000 2.369* 
(AD) Acupuncture + drug 1 0.59999 0.59999 eI 
Subjects within groups 36 111.69902 3.10275 
(error among) 
Without subjects 200 51.16457 
(T) Times 5 2.37083 0.47417 2.175* 
(DT) Drugs x times 5 5.17083 1.03417 4,.743+ 
(AT) Acupuncture x times 5 2.53748 0.50750 2.3281 
(ADT) Acupuneture x drugs x times 5 1.83751 0.36750 1.685* 
T x subjects within groups 180 39.24792 0.21804 





/. *Not significant: 
. {Significant at 0.001 level. 
Significant at 0.05 level. 


Manual stimulation was applied in all 4 
groups. 'The needles remained on both hands 
for 15 minutes. The pain intensity score was 
recorded by the observer at half-hour inter- 
vals for 3 hours. The sequence of the treat- 
ments was assigned randomly before the 
start of the study. A double-blind condition 
was maintained, insofar as neither the pa- 
tient nor the observer were aware of which 
of the 4 treatments was being given. 


RESULTS 


Baseline (pretreatment) pain intensity 
scores were obtained for each of the 40 study 
subjects. To measure changes in pain inten- 
sity, one-half the baseline score was sub- 
tracted from each of the follow-up pain in- 
tensity scores? (6 scores taken at half-hour 
intervals). This index was used as the de- 
pendent variable for statistical analysis of 
variance. The design used was a 2x 2x6 
factorial with 10 repeated measures across 
the time factor? (table). 


The 2 factors each at 2 levels, referred to 
earlier as the treatment groups, may be de- 
noted as follows: placebo by A, D,, codeine 
by A, D,, Ho-Ku by A, D,, and the com- 
bined coedine and Ho-Ku by A, I. 


Patients in the codeine group showed 
significantly more pain relief than those in 








the placebo group at the 114, 2, 214, and 
3-hour intervals (p«0.05) (fig 4). In con- 
trast, the Ho-Ku group showed marked pain 
relief during the first 115 hours (p<0.01), 
which diminished gradually over the remain- 
ing 114 hours (fig. 5). 


Except for the first 30 minutes, the com- 
bined codeine and Ho-Ku group consistently 
exhibited a high degree of pain relief 
(p<0.01) (fig 6). 


As anticipated, the treatment group means 
behaved differently over the time period. A 


SUM OF PAIN INTENSITY INDEXES 





HOURS AFTER TREATMENT 


Fig 4. Comparison of pain intensity index of 
codeine group (A, Di) and placebo group (A, D) 
in 6 half-hour time intervals after treatment. Each 
point is based upon 1 observation in each of 10 
subjects. 
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Fic 5. Comparison of pain intensity index of 
Ho-Ku group (A, Do) and placebo (A, D,) in 6 
half-hour time intervals after treatment. Each point 
is based upon 1 observation in each of 10 subjects. 
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Fic 6. Comparison of pain intensity index of 
combined codeine and Ho-Ku group (A, D,) with 
placebo group (A, Do) in 6 half-hour time intervals 
after treatment. Each point is based upon 1 observa- 
tion in each of 10 subjects. 


significant effect (p« 0.001) of drug over 
time was obtained regardless of whether 
Ho-Ku or acupuncture placebo was also 
applied (fig 7). Similarly, Ho-Ku had a 
significant effect (p<0.05) over time regard- 
less of whether or not the subjects also re- 
ceived codeine (fig 8). In order to examine 
the nature of the interaction effects (drug X 
time and Ho-Ku x time), division into an 
early pain relief period and a late pain 
relief period was necessary. One hour or 
less was used as the early time period, and 
greater than 1 hour was used as the late 
time period. 


Using the Bonferroni multiple comparison 
procedure,!? a significantly lower pain in- 
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HOURS AFTER TREATMENT 
Fic 7. Comparison of pain intensity between 
groups that received codeine and drug placebo. The 
curves were generated by calculating mean of pain 
intensity indexes of the 20 volunteers who received 


codeine (APSA) and of the 20 volun- 
teers who received lactose capsules 
(^ D, + A, 2e) 
2 


MEAN PAIN INTENSITY INDEX 
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Fic 8. Comparison of pain intensity between 
groups that received codeine and drug placebo. The 
cebo. The curves were generated by calculating 
mean of pain intensity indexes of the 20 volunteers 


who received Ho-Ku (AP aa and of the 


20 volunteers who received acupuncture placebo 
(2 D, + A, D; :) 
2 


tensity (p<0.005) was detected for the 
early time period in the Ho-Ku group (A4) 
(X = 0.175 versus X = 0.45) (fig 8). A 
significant difference (p<0.05) was also 
obtained when comparison was made be- 
tween the half-hour posttreatment Ho-Ku 
group against the 1 hour posttreatment Ho- 
Ku group (X = 0.3 versus X = 0.05) (fig 
8). No significant early versus late time 
period pain relief was seen in the codeine 
group (Dj) (fig 7). 
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Fic 9. Comparison of pain intensity index of 
Ho-Ku group (A, D,) with the combined codeine- 
Ho-Ku group (A, Dj) in 6 half-hour time intervals 
. after treatment. Each point is based upon 1 observa- 
. tion in each of 10 subjects. 


.. . Comparison of the combined codeine- 
^. Ho-Ku group with the Ho-Ku group showed 
the Ho-Ku group to exhibit greater pain 
relief (p<0.01) (fig 9) for the first half- 
hour period. No significant difference could 
be found for the 1-hour and 114-hour peri- 
ods. However, for the 2-hour, 214-hour, and 
3-hour periods, the combined codeine-Ho-Ku 
group exhibited more pain relief than the 
Ho-Ku group alone (fig 9). 


DISCUSSION 


The study shows that acupuncture has 
significant analgesic effect in pathologic 
pain, as reported previously.2-5 Acupuncture 
also produced significantly greater pain re- 
lief than acupuncture placebo, for up to 215 
hours after its application. This is consistent 
with findings by Smith,!! that acupuncture 
delayed the onset of experimentally induced 
ischemic pain in comparison to acupuncture 
placebo. 


Fifteen minutes of manual stimulation of 
both Ho-Ku points produced statistically 
significant analgesia for 214 hours in pa- 
tients with acute postoperative dental pain. 
In contrast, Katz and coworkers!? reported 
obtaining relief of certain chronic pain, such 
as trigeminal neuralgia and low back pain, 
for a month or longer after 1 to 3 acupunc- 
ture treatments. It is difficult to determine 
precisely what factors are responsible for the 
marked disparity in the duration of pain 
relief between the present study and that of 
Katz's group. However, it is possible that 
the involvement of a patient's emotional 
status in chronic pain and the physician's 
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rapport with the patient played a role in 
the prolonged pain relief. In our present 
study, effort was made not to develop a 
rapport between physician and patient or 
nurse observer and patient which could bias 
the results, 


After a single 15-minute treatment, acu- 
puncture analgesia in postoperative dental 
pain had a rapid onset but short duration 
of action (good pain relief for about 114 
hours). In contrast, codeine had a slower 
onset of action but a longer duration than 
acupuncture. This is presumably due to 
the need for codeine to be absorbed from 
the gastrointestinal tract and then establish 
an adequate tissue concentration before sig- 
nificant analgesia will occur. The reason for 
the relatively short duration of action of 
acupuncture is obscure, but our findings 
suggest that more than one acupuncture 
treatment is needed to relieve prolonged 
postoperative dental pain. 


At the first half-hour time period the 
Ho-Ku (A, D,) group alone exhibited more 
pain relief than did the combined codeine 
and Ho-Ku group (A, Dj) (p<0.01) (fig 
9). In fact, the difference between the 2 
groups at this time point is very pronounced. 
The reason for this apparent interraction 
between acupuncture and codeine is ob- 
scure and can only be speculated. 


In contrast to the analgesic efficacy of 
acupuncture demonstrated in the present 
study, Brennan's group? failed to show a 
significant effect of acupuncture in the treat- 
ment of experimentally induced dental pain. 
However, Beecher!? has pointed out that 
pathologic pain and experimental pain are 
not comparable, and that even a standard 
analgesic such as morphine, which has con- 
sistently been shown to be superior to pla- 
cebo in the treatment of pathologic pain, 
may be ineffective in many situations in 
which pain is induced by experimental 
means. 


Several recent reports of equivocal results 
obtained with acupuncture in the treatment 
of pathologic pain!*19 are difficult to evalu- 
ate due to the lack of appropriate controls. 


Some individuals have raised the question 
of whether significant pain occurs following 
multiple tooth extraction. Postoperative den- 
tal pain is significant. Only 2/46 volunteers 
(4.3%) had no pain after recovery from 
local anesthesia, and they were excluded 
from the study. In fact, none of the treat- 
ment modalities—drug placebo, acupuncture 


e 
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placebo, Ho-Ku, codeine, or combined co- 
deine and Ho-Ku-—gave complete pain re- 
lief for the total population. 
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CORRECTION 


In the report of El-Naggar, et al, appearing in the March-April 1977 
issue, page 279, the footnote for INNOVAR? injection (p 280) does not 
represent the correct concentration of drugs. INNOVAR® injection as 
marketed contains 0.05 mg fentanyl and 2.5 mg droperidol/ml. 
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Etomidate: A Clinical and Electroencephalographic 
Comparison with Thiopental 


M. M. GHONEIM, MD* 
T. YAMADA, MD+ 


lowa City, lowat 


Etomidate, a new intravenous anesthetic, was 
compared with thiopental for induction of anes- 
thesia in 120 patients. Patients were randomly 
assigned to one of 12 different groups according 
to premedication, induction agent, and rate of 
injection. There were 3 types of premedication: 
atropine (0.5 mg); fentanyl (0.1 mg) with atro- 
pine (0.5 mg); and diazepam (10 mg) with 
atropine (0.5 mg). The induction agent was 
either etomidate (0.3 mg/kg) or thiopental 
(3.5 mg/kg) administered IV during 30 or 60 
seconds. Respiratory rate, pulse rate, and blood 
pressure were measured before induction and 
every minute afterwards for 3 minutes. Pa- 
tients were also observed for side effects up to 
48 hours postoperatively. The EEG was record- 
ed in 10 patients given etomidate and 5 given 
thiopental. 


Forty-three percent of the patients who re- 


N 1965, Godefroi and associates! synthe- 
sized several imidazole derivatives 
which proved to be extremely potent, rapid, 
and short-acting hypnotic agents. One of 
these compounds, etomidate, a carboxylated 
derivative [ (R)-(+)-ethyl-1( 1-phenyleth- 
yl) -1H-imidazole-5-carboxylate | received 
extensive animal studies by Janssen and 
colleagues? in 1971. It proved to have a 
wider margin of safety than thiopental, 
methohexital, or propanidid. Preliminary 
clinical trials in Europe indicated that the 
drug produced a rapid induction of anesthe- 
sia with minimal cardiovascular and respira- 
tory changes.?.* Unlike other IV anesthetics, 
the drug does not increase the plasma hista- 


*Professor, Department of Anesthesia. 
fAssistant Professor, Department of Neurology. 


ceived etomidate complained of pain during in- 
jection, compared to 1.7 percent with thiopen- 
tal. Of the patients who received etomidate, 28 
percent developed myoclonic movements versus 
none with thiopental. There was a significant 
association between pain and movements. Move- 
ments were also more frequent with atropine 
premedication alone than with fentanyl. Thio- 
pental produced a higher incidence of apnea 
during the 1st and 2nd minutes, and more slow- 
ing of the respiratory rate. The main EEG 
differences between the 2 drugs, in the dosage 
used, were the lack of beta activity and a con- 
siderably longer duration of "deep stage" with 
etomidate versus the lack of periodic burst sup- 
pression pattern with thiopental. Myoclonic 
movements during etomidate anesthesia were 
not associated with epileptiform discharges. 


mine concentration? and results in a rapid, 
uneventful recovery. 


This study was designed to compare eto- 
midate with thiopental as hypnotics for in- 
duction of anesthesia in patients undergoing 
elective surgery. It was also designed to 
evaluate the relative safety by comparing 
the frequency and severity of adverse reac- 
tions. 


Once the study began, we observed that 
some patients who received etomidate devel- 
oped severe myoclonic and tonic movements 
resembling convulsive seizures. We there- 
fore recorded the EEG during induction of 
anesthesia in 10 patients who received the 


tUniversity of Iowa College of Medicine, Iowa City, Iowa 52242. 
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TABLE 1 


Sex, Age, Weight, and Physical Status of Patients in the 
2 Main Drug Groups 


LL. — —— 


Patient data 


E ————————— 


Sex, numbers 
Male 
Female 


Age, yr, mean + SE 
Weight, kg mean + SE 


ASA physical status, numbers 


Etomidate Thiopental 

13 6 

47 54 
44.6 + 2.3 40.7 + 2.0 
64.8+1.8 69.3 + 2.0 

30 28 

18 25 

11 6 

1 1 


Enna, 


drug and who were premedicated only with 
atropine. This was compared with the EEG 
changes in a group of volunteers who under- 
went induction of anesthesia with thiopen- 
tal. 


METHODS 


Subjects.—After obtaining informed writ- 
ten consent,* 120 patients were studied (ta- 
ble 1). Patients were entered into the study 
in the sequence in which they appeared for 
elective surgery. Patients in the sequence 
were assigned to a study group by reference 
to a table of random numbers. Individuals 
were excluded if they refused to give con- 
sent, were pregnant, or were less than 18 
years old. 


Design.—Patients were assigned to one of 
12 different groups according to premedica- 
tion, induction agent, and rate of injection. 
There were 3 types of premedication; atro- 
pine (0.5 mg); fentanyl (0.1 mg) with 
atropine (0.5 mg); and diazepam (10 mg) 
with atropine (0.5 mg). All the drugs were 
given IM, the first 2 premedications 30 min- 
utes and the third 45 minutes before induc- 
tion of anesthesia. The anesthetic induction 
agent was either etomidate (0.3 mg/kg) or 
thiopental (3.5 mg/kg), administered IV 
during a period of 30 or 60 seconds. 


Procedures.—When the patient arrived in 
the operating room, a cannula was placed in 
a suitable vein through which a 5 percent 
dextrose in lactated Ringer’s solution was 
administered, and the ECG was monitored 





*Study was approved by the University of Iowa 
Committee on Research Involving Human Subjects. 


on an oscilloscope. Preinjection respiratory 
rate, pulse rate, and blood pressure were 
measured and the state of sedation and 
arousability was recorded. Blood pressure 
was measured by an arm cuff and stetho- 
scope except when the nature of the opera- 
tion required an indwelling arterial catheter. 
'The drug was injected and respiratory rate, 
pulse rate, and blood pressure were meas- 
ured every minute for 3 minutes. 


The patient was also observed for such 
side effects as complaint of pain during in- 
jection, muscle movements, hiccups, cough, 
etc. At the end of the 3rd minute, an inhala- 
tional anesthetic was administered through 
a face mask; anesthesia from then on varied 
according to the requirements of surgery, 
patient's disease, and the anesthesiologist's 
preference. 


The patient's stay in the recovery room 
was monitored in the customary way and 
side effects were recorded. The patient was 
visited 24 and 48 hours postoperatively. In 
the 1st visit, the patient's acceptance of an- 
esthesia induction was recorded and, if 
there was a previous history of receiving an- 
esthesia, was encouraged to compare the 
two. The patient was also questioned about 
recall of pain or discomfort or other side 
effects while going to sleep and about emer- 
gence from anesthesia in the recovery room. 


The site of injection was examined for 
signs of phlebitis, and this examination was 
repeated on the 2nd visit if the patient was 
still hospitalized. Since the principal inves- 
tigator was in charge of anesthesia for all the 
patients in the study, he was familiar with 
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TABLE 2 


Incidence of Pain, Muscle Movements, 


and Thrombophlebitis 
AAR 





Side effect Etomidate Thiopental 
Pain 26* 1 
Myoclonic movements 17* 0 
Tonic movements T 1 
Awakening movements 5 8 
Thrombophlebitis 

24 hours 5 3 
48 hours 3 2 


ee 
*y? a» p<0.0001. None of the other observations was 
statistically significant. 


their records during anesthesia, recovery, 
and early postoperative period. Side effects 
and complications were evaluated for possi- 
ble relation to the induction agents. 


None of the subjects selected for EEG 
studies had any history of neurologic dis- 
ease. The EEG was recorded by a Grass 
model 78 polygraph before, during, and after 
anesthesia induction. Electrodes were placed 
in accordance with the 10-20 International 
system. A frequency histogram was also re- 
corded by online fast Fourier frequency an- 
alyzer to assist in analyzing frequency 
changes. 


RESULTS 


Clinical Studies.—Data were analyzed by 
3-factor multivariate covariance and chi- 
square test. The mean age, weight, male: 
female ratio, and physical status were com- 
parable among the treatment groups, indi- 
cating that randomization was effective. 
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Patients lost consciousness at the same 
rate after either etomidate or thiopental. 
There was, however, a high incidence of 
pain during etomidate injection; 26 patients 
(43.375) voiced complaints versus 1 patient 
(1.7%) in the thiopental group (table 2). 
There were 3 additional patients in the 
etomidate group who did not complain dur- 
ing injection but who, during the postopera- 
tive interview, remembered the discomfort. 
Pain was less likely to occur if injection was 
made into a large antecubital vein. 


Of the patients given etomidate, 28 per- 
cent developed myoclonic movements ( x? (2) 
p = 0.0001). In 35 percent of these, the 
movements were judged to be severe, and 
in several resembled generalized convulsive 
seizures. There were no myoclonic move- 
ments associated with thiopental injection 
(table 2). Seven patients ( 11.7%) devel- 
oped tonic movements after etomidate, com- 
pared to 1 patient after thiopental. There 
was a Significant association between invol- 
untary movements and pain ( x" P= 
0.003), and involuntary movements and the 
premedication (x?,,, p = 0.007). Of atro- 
pine-premedicated patients, 13 exhibited 
movements, compared to 9 with diazepam 
and 2 with fentanyl. Near the end of the 3rd 
minute after injection, 5 patients in the 
etomidate group and 8 in the thiopental 
group, awoke and moved their extremities. 


Thiopental produced a higher incidence of 
apnea during the lst minute ( X74) D= 
0.001) and the 2nd minute (x?,,, p = 0.02) 
and more slowing of the respiratory rate 
than with etomidate (table 3). There were 
no significant differences in the response of 
blood pressure and pulse rate to the 2 drugs 
(table 4). No dysrhythmias were seen dur- 
ing induction of anesthesia with either drug. 


Incidence of Apnea and Respiratory Rate Changes 


Number of patients who developed apnea 


Respiratory frequency per minute 


TABLE 3 
Time after 
injection, min Etomidate Thiopental 

1 8 25* 
2 1 9+ 
3 1 2 

Before start 15.91 + 0.6 16.6 + 0.5 
1 14.8 Æ+ 1.1 20,7 21.2 
2 18.4 + 0.7 14.9 + 1.0 


3 18.0 + 0.7 17.3 + 0.8 
*x* a) p = 0.001. 


Tx? (1) P = 0.02. 
iMean + SE. 


482 ANESTHESIA AND ANALGESIA . . . Current Researches VoL. 56, No. 4, JULY-AucusT, 1977 


TABLE 4 
Changes in Pulse Rate and Blood Pressure (Mean — SE) 
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Etomidate Thiopental 
Pulse rate, bpm Before start 86.2 + 2.5 84.1 + 2.1 
After 1 min 89.2 + 2.4 92.4 + 2.0 
After 2 min 89.8 + 2.7 91.2+1.9 
After 3 min 89.0 + 2.5 89.7 + 2.0 
Systolic blood pressure, torr Before start 121.4 + 3.0 124.6 + 3.1 
After 1 min 109.6 + 2.4 116.2 + 3.3 
After 2 min 112.4 + 2.5 118.7 + 3.6 
After 3 min 115.8 + 2.8 118.8 + 3.6 
Diastolic blood pressure, torr Before start 70.3 +1.3 73.7 +1.5 
After 1 min 65.6 + 1.6 716 = LT 
After 2 min 67b 16 11.8 + 1.9 
After 3 min 68.6 + 1.5 TLT ue LT 
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EEG Studies.—Changes of EEG pattern III. Predominant delta waves, more or 
following etomidate injection were divided less continuously (fig 1D). 


into 4 stages: IV. Periodic burst-suppression pattern 


I. Initial increase of alpha amplitude with (fig 1F). 


mixture of sharp theta burst (fig 1B). Hecovesy phase” (Hg 38). was. character: 
II. Appearance of mixed delta-theta waves ized by decrease of delta and increase of 
(fig 1C). theta with superimposed alpha and inter- 
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Fic 1. A: baseline EEG before injection of etomidate; B: Ist stage; C: 2nd stage, 1 second after B; 
D: 3rd stage, 3 seconds after C; E: recovery phase, 15 seconds after D; F: burst suppression pattern from 
different subject. 
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Fic 2. A: baseline EEG before injection of thiopental; B: 1st stage; C: 2nd stage, continuous recording 
after B; D: 3rd stage, 2 seconds after C; E: recovery phase, 5 seconds after D; F: recovery phase, 14 


seconds after E. 


mediate-range fast activity. End of complete 
recovery was not assessed because of admin- 
istration of an inhalation anesthetic or 2nd 
injection of etomidate after the initial 3-min- 
ute observation time. 


Data on onset time at each stage from 
the start of injection showed that the earli- 
est change occurred within 44 (average 34) 
seconds, and the deepest stage was attained 
within 60 (average 51) seconds for stage III 
and 98 (average 74) sec for stage IV. Aver- 
age duration of deepest stage was 97 sec- 
onds. Recovery phase started within 200 
(average 148) seconds from injection. 


Periodic burst-suppression patterns were 
seen in 3 cases. The majority of subjects 
received a 2nd or 3rd injection during the 
recoyery phase from the Ist injection. The 
occurrence of stage III was generally quick- 
er, and periodic burst-suppression pattern 
(stage IV) occurred more frequently by the 
2nd or 3rd injection. 


Myoclonic twitches involving various 
parts of the body were observed in 6/10 
patients. Twitching occurred during the 3rd 
stage or the recovery phase and none was 
associated with epileptiform discharges. 


Muscle tone could be assessed from scalp 
electrodes. In some cases, muscle tone was 
increased after injection and remained ele- 
vated even during the stage of burst sup- 
pression. 


EEG changes after thiopental injection 
were similarly divided into stages: 


I. Initial increase of beta with mixture 
of sharp theta bursts (fig 2B). 


IL. Appearance of mixed delta-theta 
bursts with intermingled beta components 
(fig 2C). 


III. Predominant delta waves, more or 
less continuously (fig 2D). 


Stage IV of periodic burst-suppression 
pattern was absent. 


Recovery phase was characterized by de- 
crease of delta with increase of superim- 
posed beta activity (fig 2E). Beta activity 
became a prominent feature upon further 
recovery (fig 2F). 


DISCUSSION 


Since the introduction of thiopental into 
clinical practice in 1934 by Lundy and 
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Waters, it has remained the most commonly 
used drug for induction of anesthesia.* It is 
therefore appropriate that any new IV anes- 
thetic be compared with this established 
drug. Our study indicated 2 major side 
effects of etomidate: pain and muscle move- 
ments. Pain is a serious disadvantage for 
an IV anesthetic and often indicates irrita- 
tion of the vein wall sufficient to cause 
phlebitis. At 24 hours, 5 patients developed 
thrombophlebitis with etomidate, compared 
to 3 with thiopental. Contrary to other re- 
ports, the incidence of pain was not reduced 
by premedication with an analgesic such as 
fentanyl, but was reduced by injection into 
a large vein. The pharmacuetical company 
is in the process of changing the formulation 
of solution of the drug to avoid the incidence 
of pain* and possible phlebitis. 


Muscle movements were the other dis- 
turbing side effect of etomidate. They ap- 
peared mainly in the form of myoclonic 
movements. Myoclonus is usually defined 
as an involuntary, single or repetitive, in- 
stantaneous, irregular contraction of a group 
of muscles or occasionally a single mus- 
cle.?.!9 The muscle movements observed in 
this study were occasionally severe enough 
to require restraint of the patient and to 
make placement of a face mask and admin- 
istration of an inhalational anesthetic more 
difficult than usual. Doenicke's group? re- 
ported that diazepam premedication reduced 
the incidence of muscle movements with 
etomidate, and Holdcroft and coworkers!! 
observed that both diazepam and opiates 
have the same result. 


The premedicant drugs in our study also 
seemed to affect the incidence of involun- 
tary movements, with the least incidence 
after fentanyl premedication and the high- 
est after atropine alone. There was a sig- 
nificant association between the incidence 
of pain and involuntary muscle movements. 
It was occasionally observed that when a 
2nd dose of etomidate was injected, move- 
ments reappeared once the drug reached the 
vein, but before reaching the arterial cir- 
culation. It was also observed that occa- 
sionally reflex stimulation of the patient 
such as forward thrusting of the mandible 
could reelicit the involuntary movements. 
If a new formulation of etomidate effective- 
ly reduces the pain of injection, it may also 
reduce the incidence of muscle movements. 
If this could not be attained, premedication 





*Janssen Pharmaceuticals: Personal communication. 
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with an opiate or diazepam are recommend- 
ed before using etimodate. 


Myoclonia may or may not be associated 
with paroxysmal discharges on the EEG.?.:^? 
Doenicke and associates!? regarded myoclo- 
nia due to etomidate as signs of the release 
of inhibition or of direct stimulation of the 
dienmesencephalic system. It appears rea- 
sonable to postulate that myoclonic twitches 
are related to the activity of the brain stem 
or deep cerebral structures rather than being 
of cortical origin, mainly because there were 
no specific EEG changes or epileptiform 
activity associated with the myoclonic 
twitches. Often the distinction between myo- 
clonus and seizure is unclear. Some consider 
myoclonus itself a seizure.!*:'4 As long as 
myoclonus and seizure cannot be clearly 
separated clinically and neurophysiologi- 
cally, special caution must be paid to the 
use of etomidate in epileptic patients. It is 
possible that it may enhance or provoke 
seizure activity in such patients. It is also 
possible that the drug may be useful in EEG 
laboratories as an EEG activator similar to 
methohexital. Further investigation would 
be necessary in this regard. 


Apnea was less frequent with etomidate 
than with thiopental, and, by extrapolation 
from other studies, was also less frequent 
than with methohexital and Althesin.? The 
effects on blood pressure and pulse rate were 
similar for both agents in this study. These 
parameters as well as the ECG remained 
stable throughout the observation period. 
There are other studies, however, which sug- 
gest that etomidate produces less cardiovas- 
cular depression than the other induction 
agents.15 If these can be substantiated, eto- 
midate would be a useful induction agent 
for patients with cardiovascular disease. 


Patients who received both etomidate and 
thiopental for short operations claimed 
quicker recovery with no hangover effect 
after etomidate. If this is confirmed in fu- 
ture studies, it would constitute an advan- 
tage for outpatients and minor surgery. Full 
recovery of mental and psychomotor func- 
tions after the IV anesthetics now in use is 
rather long and protracted. 


EEG changes during etomidate anesthesia 
showed essentially a similar course to other 
IV anesthetics!ó and were similar to those 
reported by Doenicke and associates.!? 'The 
most conspicuous difference between etomi- 
date and thiopental was the lack of beta- 
wave induction. This was surprising, since 
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the majority of hypnotics produce beta-wave 
activity.!? The duration of stages III and IV 
with etomidate was considerably longer than 
that of thiopental, and burst-suppression 
pattern was not produced by thiopental in 
the dosage used. 


Burst-suppression pattern following bar- 
biturate administration is equivalent to a 
level of deep surgical anesthesia. However, 
when different agents are used, similar levels 
of cortical suppression may not necessarily 
reflect similar depths of anesthesia.!? The 
significance of burst suppression is therefore 
difficult to interpret. Nevertheless, the time 
span from the start of injection to the start 
of recovery phase was longer for etomidate 
than for thiopental. 


The present study provides evidence of 
efficacy and safety of etomidate, confirming 
2 previous reports published in this journ- 
nal!?.?? and suggesting that it may deserve 
a place as an alternative to thiopental. It 
is not the “ideal” IV anesthetic, but neither 
is any drug currently available. Special areas 
of interest for its use may be in outpatient 
surgery and in patients with diminished car- 
diovascular reserve. The use of the drug in 
these conditions should be explored together 
with initiation of further studies concerning 
dose-response relationships, possible drug 
interactions with drugs such as succinylcho- 
line, and the rates of its distribution and 
elimination. 
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Brachial Plexus Anesthesia Using the Omotrapezoid Route 


FERNANDO VIDAL-LOPEZ, MD* 


A report on what is probably the first descrip- 
tion of blocking of the brachial plexus by the 
interscalenic route, as performed by July Eti- 


I 1970, as a culmination to his work on 
perivascular anesthesia, Winnie! pub- 
lished his technic for the blocking of the 
brachial plexus using the interscalenic route. 
This work, along with his other important 
contributions in the field, will surely earn 
for him an important place in the history 
of local anesthesia. Because of its obvious 
advantages, the technic, known simply as 
*Winnie," is widely used all over Europe. 
The purpose of this paper is to bring to light 
some facts about the earlier development of 
this technic. 


The “Golden Age" of regional anesthesia 
was in the first decade of this century, cul- 
minating in the work of Labat. Gaston Labat 
was an assistant to Victor Pauchet, surgeon 
at the Saint-Michel Hospital in Paris, and 
coauthor with him of the latter's L'Anesthé- 
sie Régionale.? 


In 1925, a doctoral candidate, July 
Etienne, presented his thesis at the Faculty 
of Medicine in Paris? As an intern at the 
Saint-Michel Hospital, Etienne presented 
a paper on 33 cases in which a modified ver- 
sion of Pauchet's anesthetic technic was 
used in breast surgery. 


Pauchet anesthetized subcutaneously at 
the supraclavicular rims of the cervical 
plexus and the periphery of the whole area, 
with further injections as shown in figure 1. 
After this, he blocked the brachial plexus. 


*Head of Section, Anaesthesiology and Reanimation 


Barcelona, Spain. 
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Accepted for publication: 11/11/76 


enne in 1925, and later modified by Victor 
Pauchet in 1929. 





Fic 1. Labat-Pauchet technic of block in breast 
surgery. (Etienne?) 


Pauchet recommends Labat's modification 
of Kulenkampf?f’s technic. 


Etienne analyzed the current methods of 
brachial plexus anesthesia, and rejected the 
paravertebral route, suggested by Anglada 
Santoni, as “uncertain and dangerous.” 
Hirschel’s axillary route looked even more 
dangerous to him because of the risk of 
intravascular injection in addition to the 
difficulties which are encountered with obese 
patients. He found Bazy’s infraclavicular 
route interesting, but above all he preferred 
Kulenkampff's technic, although he quali- 
fied his approval for several reasons: 


1. It demands a great deal of experience 
to perform. 


Department, Ciudad Sanitaria “Francisco Franco,” 


Omotrapezoid Route for Brachial Block . . . Vidal-López 
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Fic 2. Identification of point of needle insertion 
between the  sternocleidomastoid and trapezius 
muscles (Etienne?) 





2. It causes paresthesias. 


3. There is a serious risk of subclavian 
and pleural wall puncture. 


Therefore, he developed his own technic, 
which he described as the omotrapezoid 
route. 


The Omotrapezoid Procedure.—Velpeau 
divided the supraclavicular region in 2 sec- 
ondary triangular spaces: one infraexternal, 
the omoclavicular triangle, the other supra- 
external, the omotrapezoidal triangle. 'This 
triangle is limited by the posterior side of 
the externocleidomastoid and the anterior 
border of the trapezius. 


Etienne observed that in the space lim- 
ited by the triangle, the scalenes stand out, 
and going down between them are the roots 
that make up the brachial plexus. It is in 
this area that he made the brachial plexus 
block, “since there is no risk involved when 
the puncture is performed.” 


The patient lies in the decubitus supine 
position with his head turned away from the 
operator. 


With the left hand, the space between the 
posterior border of the externocleidomastoid 
and the anterior border of the trapezius is 
identified. Then, the intercrirothyroid space 
is marked, tracing a horizontal which, after 
passing this level, reaches the space between 
the sternocleidomastoid and the trapezius 
and making an anesthetic wheal halfway 
between the two muscles (fig 2). 


Using a 4 or 6 cm needle, one punctures 
over the dermic wheal, directing the needle 
toward the opposite shoulder, and keeping 
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it parallel to the plane of the table, stopping 
at bone contact (generally the 6th or 7th 
cervical process), and slowly injecting 20 
ml of the anesthetic solution. The needle is 
then withdrawn and the area massaged to 
activate diffusion of the liquid. Plexus anes- 
thesia will be complete within 15 minutes. 


Etienne stated that using this technic, 
there was no danger and that he had excel- 
lent results, as demonstrated by the fact 
that it was not necessary to administer 
general anesthesia in any of the 33 cases he 
discusses. He emphasized that he did not 
look for paresthesias. 


In the 4th edition of his book,* Pauchet, 
without giving any credit to Etienne, de- 
scribed a *new technic" for brachial plexus 
block, in the chapter on anesthesia in the 
surgical treatment of breast cancer: 


“The brachial plexus roots are between 
the anterior and posterior scalenes, where 
there is an inclination plane which favours 
and aids the diffusion of the anaesthetic 
liquid. With the patient lying on his back, 
that goes through the inferior border of the 
lower maxilla or mandible (which corre- 
sponds to the fourth cervical), separates the 
cervical plexus from the brachial plexus. A 
finger's width, under this plane, on the line 
of the transverse processes of the cervical 
vertebrae, we must look deep down for a 
particular transverse process, the fifth, and 
this we do with the forefinger of the left 
hand. Not losing this bone contact, slide 
the finger towards the base of the process, 
pushing the muscles and the vascular bundle 
of the region towards the front (fig 3). 


"Puncture with a 6-cm needle at about a 
finger's width over the above stated point, 
directing it obliquely downwards (thus 
avoiding the risk of lesion to the vertebral 
artery), and slightly forward, between the 
process and the finger that pushes away the 
muscle and the vascular bundle. In this 
way we make the slanting plane, into which 
we inject 30 ml of the solution to a concen- 
tration 1 p. 100." 


Pauchet does not comment on the advan- 
tages or disadvantages of the procedure. 


DISCUSSION 


In Etienne's paper we find a description 
of the technic in which many of the refer- 
ence points are the same as those used by 
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Fic 3. Identification of puncture points. ( After 
Pauchet.*) 
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Winnie 45 years later: the intercricothyroid 
line. We think it only right to give due 
credit to Etienne’s work as creator of the 
brachial plexus block, an original technic 
that was later rediscovered and perfected 
with the aid of more accurate anatomic 
knowledge. 


As to the technic described by Pauchet, 
we must point out that he knew about the 
cleavage plane and its use in the diffusion 
of anesthetic liquid. We think this technic 
was based on the work of Etienne, who was 
Pauchet’s pupil. As can be seen from the 
dedication in his doctoral theses, Etienne 
greatly admired and respected Pauchet. 
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VENTILATION AND DIAZEPAM. The effects of intramuscular diazepam 10 mg on 


the ventilatory responses of 8 healthy volunteers was 
ventilation and end-tidal CO: did not change. 


determined. Resting minute 
The hypoxic ventilatory response was 


decreased 40 and 47 percent below control 15 and 30 minutes after diazepam. No signifi- 


cant depression to the ventilatory stimulan 


t effect of CO. was detected 70 and 130 


minutes after diazepam. The depression of the hypoxic ventilatory response suggests 


diazepam interferes with peripheral chemoreceptor function. 
in patients who are 


teral diazepam should be considered 


These effects of paren- 
dependent on an hypoxic 


ventilatory drive or in whom hypoxia may occur as during bronchoscopy (Lakshmin- 
arayan S, Sahn SA, Hudson LD et al: Effect of diazepam on ventilatory responses. 


Clin Pharm Ther 20:178-183, 1976) 
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Intramuscular Lorazepam Versus Pentobarbital Premedication: 
A Comparison of Patient Sedation, Anxiolysis, and Recall 


MONICA |. ALENIEWSKI, MD* 
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CORAZON MENDOZA, MD§ 


In a double-blind, controlled study in 40 veter- 
ans, IM lorazepam was significantly superior to 
IM pentobarbital as a preoperative sedative 
and in ability to suppress the memory of events 
of the operative day. A trend was noted (not 


Te alleviation of pain, fear, and anxiety 
is an important part of the preoperative 
preparation of the patient. Traditionally, 
this objective was accomplished through the 
use of barbiturates and narcotic analgesics, 
usually at the expense of some loss in pa- 
tient awareness through deep sedation and/ 
or partial hypnosis. With the advent of the 
various tranquilizers, however—and particu- 
larly the benzodiazepine derivatives it was 
possible to have a patient who remained 
awake, alert, and cooperative throughout the 
various procedures preceding induction. 


A secondary objective of premedication 
has always been to reduce or eliminate the 
memory of painful, fearful, or anxiety-pro- 
voking experiences. This objective has been 
achieved in some measure by use of sco- 
polamine, and more recently, by some of 
the benzodiazepine derivatives, notably par- 
enteral diazepam. The anti-recall effect of 
these agents, however, is of short duration 


statistically significant in this small series) 
toward greater patient acceptance of loraze- 
pam. No important adverse effects or changes 
in vital signs occurred with either agent. 


or unreliable. Another compound, loraze- 
pam," a 1,4-hydroxybenzodiazepine, appar- 
ently is not only 5 times as potent as diaze- 
pam in relieving anxiety!-? but, in sufficient 
dosage and by the IV route, has a more de- 
pendable anti-recall effect.?.* 


The purpose of this double-blind, con- 
trolled study was to evaluate the sedative 
and anti-recall effects of lorazepam when 
administered IM as premedication for anes- 
thesia and surgery. Pentobarbital was uti- 
lized for comparison. A double-blind pilot 
study was first carried out in a small num- 
ber of patients (10) to develop administra- 
tive competence and standardization of 
method. The results of that study are not 
described, since they were essentially simi- 
lar to those of the principal study that fol- 
lowed. 
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MATERIALS AND METHODS 


Forty adult veterans were randomized 
into 2 groups of 20, 1 group being given 
lorazepam (4 mg) IM, the other pentobar- 
bital (100 mg) IM. Both drugs were pro- 
vided in identical form in Tubex® syringes. 
Both were administered by ward nurses in 
either the right or left deltoid (with the site 
of injection charted) at 0600 hr (at least 
2 hr preinduction) on the operative day. 
Neither the patients, the nurses, nor the 
anesthesiologists knew which drug had been 
given. 


Atropine sulfate was administered as a 
drying agent prior to general anesthesia, but 
no other premedication (including scopola- 
mine) was permitted. All patients were 
ASA class I or II. All signed informed- 
consent forms. Patients with known sensi- 
tivity to benzodiazepines, barbiturates, or 
the glycol bases of the drugs, as well as any 
requiring monoamine oxidase inhibitors, 
were excluded. 


The 2 groups were homogeneous with re- 
spect to age and weight (table 1), race, 
type of anesthesia employed (general ver- 
sus regional), and types of surgical pro- 
cedures. 


Patients were exposed to certain common 
events in a standardized way. For example, 
when they arrived in the operating room 
(OR), the surgical light was pointed out to 
them and intentionally shone in their faces. 
They were shown a “memory card" consist- 
ing of a greatly enlarged picture of a dollar 
bill and were asked to respond to the ques- 
tion, “What is this a picture of?" At this 
time, the anesthesiologist made a subjective 
evaluation of the degree and quality of seda- 
tion of the patient. Anesthesia and opera- 


TABLE 1 
Patient Data 
Lorazepam, ^ Pentobarbital, 
4 mg IM 100 mg IM 

Number of patients 20 20 
Sex 

Males 20 19 

Females -— 1 
Age, yr 41.4 49.4 
Mean (range) (20-81) (21-65) 
Weight, kg 77 73 
Mean (range) (50-104) (52-99) 
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tive procedures were then carried out in the 
usual manner. 


Twenty-four hours postoperatively, as 
many patients as possible were followed up 
and asked to respond to a questionnaire to 
determine: 


1. Recall of leaving their hospital room. 


2. Recall of any events on the way to the 
OR. 


3. Recall of entering the OR. 


4. Recall of being moved from the 
stretcher to the operating table. 


5. Recall of the surgical light. 
6. Recall of the IV needle. 
7. Recall of the anesthesia mask. 


8. Recall of the preparations for regional 
anesthesia (when done). 


9. Recall of leaving the recovery room. 


10. Their evaluation of the sedating effect 
of the premedicant (“Did you feel sleepy 
or drowsy after the injection?" ). 


RESULTS 


At completion of the study, the code was 
broken and the results were statistically 
analyzed. The total number of patients’ 
24-hour postdrug responses was in all cases 
less than 40. Two patients, both in the pen- 
tobarbital group, were disqualified because 
operation was canceled, though premedica- 
tion was given. No responses were recorded 
for 8 patients, of whom 3 were discharged 
prior to the 24-hour interview and 5 (2 in 
the lorazepam and 3 in the pentobarbital 
group) were interviewed only after 48 hours 
or more. 


The following statistically significant dif- 
ferences were seen between the 2 drugs: 


1. Lorazepam was superior to pentobar- 
bital in producing sedation, as judged by the 
anesthesiologist at the time the patients 
reached the OR (table 2). 


2. Lorazepam was more acceptable to 
the physician as a premedicant (table 2). 


3. Lorazepam was superior in diminish- 
ing recall of most events occurring more 
than 1 hour postinjection, including leaving 
the hospital room, any events on the way to 
the OR, entering the OR, transfer from 
stretcher to operating table, preparation of 
the skin for regional anesthesia (where ap- 
plicable), and leaving the recovery room 


Lorazepam and Pentobarbital Compared . . . Aleniewski, et al 








TABLE 2 
Evaluation of Sedation 
Pento- 
Lorazepam, barbital, 
4 ms IM — 100 mg IM 
Physician's evaluation 
Patients sedated 16 10 
Patients not sedated 2 9 
Patient's evaluation* 
“Yes” responses 11 11 
“No” responses 3 3 





*In answer to the question, “Did medication make 
you sleepy or drowsy?" 


(table 3). The memory of other events, 
including venipuncture and exposure to the 
surgical light, was less with lorazepam than 
with pentobarbital, but because of the small 
number of patients responding to these ques- 
tions, the differences were not significant. 


More patients receiving lorazepam (10/ 
14) than pentobarbital (5/15) failed to 
recall the memory card, and more of those 
failing to recall the card also failed to rec- 
ognize it among the 7 other large pictures 
in an 8-picture composite (8/10 versus 2/5). 
Again, because of the small number of re- 
spondents, statistically significant differ- 
ences could not be demonstrated. 


4. Lorazepam received greater physician 
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acceptance, as expressed by his clinical 
judgment. A trend was noted (not statisti- 
cally significant in this small series) toward 
the greater patient acceptance of lorazepam 
(table 4). 


DISCUSSION 


Oral lorazepam is recognized as efficaci- 
ous and safe when given as a bedtime seda- 
tive and morning surgical premedicant;^.? 
some investigators even consider it superior 
to oral diazepam, producing fewer side ef- 
fects at equipotent doses.?.^; Parenteral 
lorazepam, though only recently investi- 
gated, has also been reported as remarkably 





TABLE 4 
General Overall Evaluation 
Loraze- Pento- p values 
pam, barbital, (chi- 
4 mg IM 100 mg !M square) 
Clinical judgment 
Satisfactory 19 12 
Unsatisfactory — 7 «0.01 
Patient acceptance 
Excellent 10 6 
Good 9 
Fair 1 2 NSD 
Not acceptable — 1 


NSD = no significant difference. 


TABLE 3 
24-Hour Recall Questionnaire 





Event 


Leaving hospital room 
Events on way to OR 
Entering OR 

Needle for IV infusion 
Transfer to operating table 
Surgical light 


Placement of anesthesia mask 


Preparation of skin for regional anesthesia (when given) 


Doubling up knees 
Injection of needle to test for anesthesia level 
Memory card: Inability to recall 
Inability to recognize in composite 
Leaving recovery room 


NSD = no significant difference. 


Number patients failed to recall / 
number patients questioned 


Lorazepam, X Pentobarbital, f values 
4 mg IM 100 mg IM (chi-square) 
6/14 1/13 <0.05 
11/14 1/13 «0.01 
9/14 1/13 «0.01 
5/14 3/14 NSD 
9/14 2/18 «0.05 
5/13 1/13 NSD 
6/7 3/4 NSD 
6/11 1/10 <0.05 
5/8 0/7 <0.05 
4/11 0/10 NSD 
10/14 5/15 NSD 
8/10 2/5 NSD 
8/13 1/12 <0.05 


* 
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safe and efficacious when used in anxiety 
states, and safe and effective when em- 
ployed preoperatively.?.!9 Verschraegen and 
Rolly!! reported that patients given IM 
lorazepam at least 90 minutes before induc- 
tion of anesthesia had no local irritation at 
the site of injection and no change in vital 
signs, but did have loss of memory for many 
postinjection events and a definite reduction 
in the need for postoperative analgesics. 
Heisterkamp and Cohen!? found that 3 and 
5 mg of IV lorazepam significantly affected 
anterograde recall, while equivalent anti- 
anxiety-hypnotic-sedative doses of diazepam 
or pentobarbital had only a minimal effect. 


'The present study supports these claims 
and illustrates that IM lorazepam is com- 
parable in safety to IM pentobarbital. In 
addition, lorazepam renders a relaxed, co- 
operative patient who, once the procedure 
is over, appears to be largely unaware of the 
events that occurred during anesthesia and 
surgery, particularly those occurring within 
the first 6 hours after drug administration. 
This ability to affect spontaneous recall, 
when sought for by both patient and physi- 
cian, should make lorazepam the drug of 
choice in surgical premedication. 
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NARCOTIC ANTAGONISM. Naltrexone, an experimental narcotic antagonist, 100 mg 
orally, effectively antagonized 25 mg heroin for 48 hours. Naloxone 2000 to 3000 mg 
orally barely reversed the effects of heroin for 24 hours. The longer duration of nal- 
trexone may reflect breakdown to an active antagonist, beta-naltrexol, while naloxone 
is converted to an inactive compound. Although naltrexone is a nearly pure antagonist, 
minimal agonistic activity was suggested by the appearance of slight changes in pupillary 
function. (Verebey K, Volavka J, Mule SJ et al: Naltrexone: Disposition, metabolism 
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Comparison of Gallamine and Atropine as Pretreatment Before 
Anesthetic Induction and Succinylcholine Administration 


ROBERT K. STOELTING, MD* 


Heart-rate changes following pretreatment with 
IV gallamine 0.3 mg/kg (40 patients) or atro- 
pine 0.006 mg/kg (40 patients) and the inci- 
dence of heart-rate slowing and/or junctional 
rhythm after thiamylal anesthetic induction and 
2 injections of succinylcholine (SCh) were deter- 
mined in adult patients. Awake heart rate in- 
creased 13 and 16 bpm (p<0.05) 1 and 3 min- 
utes after gallamine. In contrast, heart rate 
was unchanged 1 minute after atropine and 
then was increased about 10 bpm (p<0.05) 3 
minutes later. Heart-rate slowing (greater than 


HE incidence of heart-rate slowing and/ 

or junctional rhythm following 2 injec- 
tions of succinylcholine (SCh) is not influ- 
enced by inclusion of IM atropine in the 
preanesthetic medication.! In contrast, IV 
atropine? or nonparalyzing doses of competi- 
tive neuromuscular blockers? just before 
SCh injection (pretreatment) may reduce 
or prevent adverse cardiac responses follow- 
ing SCh. This report describes heart-rate 
changes produced by pretreatment with IV 
gallamine or atropine and the incidence of 
heart-rate slowing and/or junctional rhythm 
following 2 injections of SCh. 


METHODS 


Eighty adult patients received IM mor- 
phine (8 to 15 mg) as preanesthetic medi- 
cation 60 to 90 minutes before anticipated 
anesthetic induction for elective operations. 
Pretreatment was with IV gallamine 0.3 
mg/kg (40 patients) or atropine 0.006 mg/ 
kg (40 patients) 3 minutes before anesthetic 
induction with thiamylal (4 mg/kg). Thi- 
amylal was immediately followed with IV 
SCh (2 mg/kg) to those pretreated with 


*Professor of Anesthesia/Pharmacology, Indiana Universi 
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15% as compared with the rate immediately 
before SCh) and junctional rhythm occurred in 
1 patient from each group following the Ist 
SCh dose. Heart-rate slowing after the 2nd 
SCh injection occurred in 1 patient pretreated 
with gallamine and in 14 patients pretreated 
with atropine. Junctional rhythm did not occur 
in any patient after the 2nd SCh dose. The au- 
thors conclude that IV gallamine is more effec- 
tive than atropine in preventing heart-rate 
slowing after repeated SCh administration. 


gallamine and 1 mg/kg to those pretreated 
with atropine. The initial SCh doses were 
chosen to simulate the clinical situation in 
which more SCh would be administered to 
patients pretreated with a nondepolarizing 
neuromuscular blocker. 


Direct laryngoscopy for tracheal intuba- 
tion was started 1 minute after thiamylal- 
SCh. Tracheal lidocaine (2 mg/kg of a 4% 
solution) was administered just before place- 
ment of the tracheal tube. Following intu- 
bation, ventilation was mechanically con- 
trolled and anesthesia maintained with 60 
percent N.O for the duration of the obser- 
vations. Five minutes after barbiturate an- 
esthetic induction, all patients received a 
2nd SCh injection of 1 mg/kg. 


The ECG was continuously recorded for 
4 minutes before and 6 minutes after thia- 
mylal administration. Every patient was 
breathing O. via a face mask while awake. 
Normal sinus rhythm was present in all. 
Heart rate (QRS complexes during the last 
15 seconds of each minute times 4) and 
rhythm were determined from the ECG. A 
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heart rate 15 percent less than the control 
measurement was arbitrarily chosen as sig- 
nificant SCh-associated cardiac slowing. 
Control heart rate for the 1st SCh injection 
was the measurement 3 minutes after pre- 
treatment. Control heart rate for the 2nd 
SCh injection was the measurement 5 min- 
utes after thiamylal-SCh. Junctional rhythm 
was considered to be present when a QRS 
complex was not preceded by a P wave. 


Data were analyzed with Student's t-test 
and p« 0.05 was considered statistically sig- 
nificant. This study was approved by the 
Indiana University School of Medicine Clin- 
ical Research Committee. 


RESULTS 


Awake heart rate was increased 13 and 
16 bpm (p<0.05) 1 and 3 minutes after IV 
gallamine (21.5 mg) (table 1). In contrast, 
the average heart rate was not altered 1 
minute after IV atropine (0.43 mg) and was 
less than the control rate in 14/40 patients. 
Three minutes after atropine, the heart rate 
was increased 10 bpm (p<0.05). 


Heart-rate slowing and/or junctional 
rhythm following the 1st SCh dose occurred 
in only 1 patient from each pretreatment 


TABLE 1 


Heart Rate (bpm, mean + SE) Before and 
After Gallamine or Atropine Pretreatment 
Followed by 2 Injections of SCh 


al 


Gallamine Atropine 
(n — 40) (n — 40) 
Awake heart rate 73232 82 t 2 
1 minute after 
pretreatment 01 45g" 83 2- 3 
3 minutes after 
pretreatment 94 + 3* 92+ 3* 
1 minute after 
thiamylal-SCh 94 + 2* 96 + 2* 
5 minutes after 
thiamylal-SCh 97 + 3* 104 + 3* 
6 minutes after 
thiamylal-SCh 
(1 minute after 2nd 
SCh injection) 93 + 3* 89 + 3T 
Pretreatment dose, mg 21.5 + 0.8 0.43 + 0.01 
Age, years 42 2- 2 L3 eqs 
Males:females 20:20 19:81 


n — number of patients. 


*p<0.05 compared with awake. 
1p-0.05 6 minutes versus 5 minutes. 
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TABLE 2 
Incidence of Adverse Cardiac Changes 
(Number of Patients Out of 40) Following 
2 SCh Injections Plus Prior Gallamine 
or Atropine 


Gallamine Atropine 
(n = 40) (n = 40) 
Heart rate 15% less than 
control 1 minute after SCh 
1st SCh injection 1 1 
2nd SCh injection I" 14 
Junctional rhythm present 
1 minute after SCh 
1st SCh injection 1 1 


2nd SCh injection 0* 





n — number of patients. 


*Thirty-nine patients, as patient developing heart- 
rate slowing and junctional rhythm after 1st SCh 
injection was not given 2nd injection. 


group (table 2). Following the 2nd SCh 
injection, heart-rate slowing occurred in 
1/39 patients pretreated with gallamine. 
(The patient pretreated with gallamine and 
slowing after the 1st SCh injection did not 
receive a 2nd dose.) In contrast, the awake 
heart rate was significantly reduced 1 min- 
ute after the 2nd SCh injection to patients 
pretreated with atropine. Cardiac slowing 
greater than 15 percent of the control rate 
occurred in 14 of these 40 patients. The con- 
trol heart rate in those who slowed follow- 
ing the 2nd SCh dose was 101+ 4 bpm 
(mean + SE) compared with 108 + 4 bpm 
in those not slowing (difference between 
groups was not statistically significant). 
Junctional rhythm did not occur after the 
2nd SCh injection in either pretreatment 
group. Ventricular ectopic beats did not oc- 
cur in any patient during the study period. 


Visible fasciculations following the first 
SCh injection occurred in 1/40 patients pre- 
treated with gallamine and 33/40 patients 
pretreated with atropine. 


DISCUSSION 


Heart-rate slowing or junctional rhythm 
following the 1st SCh injection is infrequent. 
Furthermore, these responses are not influ- 
enced by inclusion of IM atropine in the 
preanesthetic medication.! However, adverse 
cardiac responses following a 2nd SCh in- 
jection are more frequent, heart-rate slow- 
ing and junctional rhythm occurring with 
a frequency of about 40 and 10 percent, 
respectively.* The present data demonstrate 


m 


Gallamine and Atropine as Pretreatment . . . Stoelting 


that both gallamine and atropine protect 
against the occurrence of junctional rhythm 
after a 2nd SCh injection. In contrast, only 
gallamine prevented heart-rate slowing, as 
reflected by slowing in only 1/39 patients 
pretreated with gallamine compared with 
slowing in 14/40 patients (35%) receiving 
prior atropine. 


Conceivably, larger doses of IV atropine 
would have provided greater protection. 
Nevertheless, it seems unnecessary to pursue 
this alternative, since gallamine provided 
nearly complete protection and at the same 
time prevented muscle fasciculations after 
SCh in most patients. This dose of galla- 
mine often produced eye-muscle weakness 
but was not associated with dyspnea. 


Pretreatment with other competitive neu- 
romuscular blockers (d-tubocurarine, alcu- 
ronium, pancuronium) also protects against 
adverse cardiac responses following repeated 
SCh administration,? the degree of protec- 
tion depending on the pretreatment dose. 
For example, the magnitude of heart-rate 
slowing after the 2nd SCh dose was reduced 
in patients pretreated with 0.04 mg/kg 
d-tubocurarine, while 0.07 mg/kg provided 
nearly complete protection. Based on our 
data, it would appear that 0.3 mg/kg galla- 
mine offers protection against SCh cardiac 
effects similar to that provided by 0.07 mg/ 
kg d-tubocurarine. Unlike gallamine, d-tubo- 
curarine did not significantly alter awake 
heart rate* and may not consistently prevent 
muscle fasciculations following SCh.* 


Awake heart rates increased by similar 
amounts following gallamine or atropine but 
the onset was earlier with gallamine. For 
example, the average heart rate was not 
changed 1 minute after atropine pretreat- 
ment and was reduced in several patients, 
possibly reflecting an initial central vago- 
tonic action of atropine. In contrast, the 
heart rate was increased within 1 minute 
after IV gallamine. 


Prior morphine, as administered to our 
patients for preanesthetic medication, may 
influence the heart-rate response to atropine. 
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Indeed, Marta and associates? demonstrated 
0.2 mg atropine IV increased heart rate, 
while the same atropine dose administered 
to patients who had previously received mor- 
phine was associated with a reduction in 
heart rate. The mechanism for this morphine 
effect on the heart-rate response to atropine 
is not known. 


Morphine preanesthetic medication did 
not seem to attenuate the heart-rate increase 
after gallamine. For example, the same au- 
thors‘ reported an average 9 bpm increase 
after 20 mg gallamine administered to pa- 
tients receiving pentobarbital preanesthetic 
premedication and anesthetized with halo- 
thane plus N.O. This is less than the heart- 
rate increase observed in our awake patients 
following gallamine pretreatment. 


We conclude that IV gallamine 0.3 mg/kg 
is a better choice than atropine 0.006 mg/kg 
for preventing heart-rate slowing following 
a 2nd SCh injection. 


REFERENCES 


1. Stoelting RK, Peterson C: Heart-rate slowing 
and junctional rhythm following intravenous suc- 
cinylcholine with and without intramuscular atro- 
pine preanesthetic medication. Anesth Analg 54: 
705-709, 1975 


2. Lupprian KG, Churchill-Davidson HC: Effect 
of suxamethonium on cardiac rhythm. Br Med J 
2:1774-1777, 1960 


3. Mathias JA, Evans-Prosser G, Churchill-David- 
son HC: The role of the non-depolarizing drugs in 
the prevention of suxamethonium bradycardia. Br 
J Anaesth 42:609-613, 1970 


4. Stoelting RK, Peterson C: Adverse effects of 
increased succinylcholine dose following d-tubo- 
curarine pretreatment. Anesth Analg 54:282-288, 
1975 


5. Virtue RW: Comparison of gallamine with 
d-tubocurarine effects on fasciculations after suc- 
cinylcholine. Anesth Analg 54:81-82, 1975 


6. Marta JA, Davis HS, Eisele JH: Vagomimetic 
effects of morphine and Innovar® in man. Anesth 
Analg 52:817-821, 1973 


7. Eisele JH, Marta JA, Davis HS: Quantitative 
aspects of the chronotropic and neuromuscular 
effects of gallamine in anesthetized man. Anesthesi- 
ology 35:630-633, 1971 


496 


ANESTHESIA AND ANALGESIA . . 


. Current Researches Vor. 56, No. 4, JULY-AUGUST, 1977 


A Comparison of Droperidol, Diazepam, and Hydroxyzine 
Hydrochloride as Premedication 


FRANK J. TORNETTA, PhD, MD* 


A double-blind comparison of the efficacy and 
safety of droperidol (5 mg), hydroxyzine HCl 
(50 mg), diazepam (5 mg), and saline placebo, 
given concomitantly with meperidine (50 or 75 
mg) for preoperative medication, was con- 
ducted in 280 female patients scheduled for 
minor gynecologic procedures. 

Droperidol proved to be significantly superior 
to the other study drugs in alleviating appre- 
hension (82% of patients calm versus 54, 46, 
and 34% for hydroxyzine, diazepam, and pla- 
cebo, respectively). Some drowsiness, occurred 
in 68 percent of the droperidol-treated patients 


HE ideal preoperative medication pro- 

vides a calm, relaxed patient, free from 
anxiety or apprehension and ready for anes- 
thetic induction. The use in recent years of 
neuroleptic agents to achieve this condition 
has resulted in several studies!’ with dro- 
peridol, a butyrophenone derivative with 
tranquilizer, psychomotor sedative, and anti- 
emetic properties. 


Droperidol has been widely used as a pre- 
operative medication both separately and in 
a 50:1 combination with the narcotic anal- 
gesic fentanyl as Innovar®. Patients given 
droperidol are characteristically described 
in such terms as tranquil, sedated, indiffer- 
ent, calm, quiet, and placid. 


However, there have been only a few well- 
controlled studies reported in which the 
efficacy and safety of droperidol as preoper- 
ative medication were compared with that 
of other commonly used substances. 


The purpose of this study, therefore, was 
to compare, in a double-blind manner, the 
efficacy and safety of droperidol with that 
of hydroxyzine HCl, diazepam, and placebo, 


versus 31, 30, and 21 percent of the other 3 
groups, respectively. Global evaluations were 
consistent with these findings. 

No clinically significant changes were observed 
in vital signs in any of the study-drug groups. 
Adverse reactions were unremarkable in all 
groups. Significantly less nausea occurred with 
droperidol than with the other treatments, and 
significantly less vomiting occurred with dro- 
peridol or hydroxyzine. Significantly fewer pa- 
tients in the droperidol group than in the 
diazepam group required postoperative anti- 
emetics. 


all given concomitantly with meperidine. 
Meperidine was included in the study be- 
cause of the relatively common practice of 
administering a narcotic analgesic preopera- 
tively. 


METHODS AND MATERIALS 


A total of 280 female patients ranging in 
age from 14 to 61 (mean 33) years, in height 
from 147 to 180 (mean 163) cm, and in 
weight from 40 to 131 (mean 63) kg partici- 
pated in this study. All were in ASA status 
I or II and scheduled for minor gynecologic 
procedures such as therapeutic abortion, D & 
C, or tubal ligation. The mean duration of 
operation was similar in all study groups, 
ranging from 26 to 28 minutes. The study 
groups were homogeneous with respect to 
patient characteristics and the nature and 
duration of surgical procedures. 


Patients were excluded from the study if 
they were scheduled for local anesthesia, 
were receiving tranquilizers or sedatives on 
a long term basis, or had a history of hepa- 
titis. 


*Director, Department of Anesthesiology, Montgomery Hospital, Norristown, Pennsylvania 19401. 
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Thirteen of the 280 patients had concomi- 
tant medical conditions such as varicose 
veins, obesity, asthma, arthritis, thrombo- 
phlebitis, hypertension, and inactive rheu- 
matic heart disease. 


Patients were assigned randomly on a 
double-blind basis to receive either droperi- 
dol (5 mg), hydroxyzine HCI (50 mg), di- 
azepam (5 mg), or saline placebo, each 
given IM as preoperative medication. All 
patients in each drug group also received 
concomitant doses of meperidine (50 or 75 
mg) and atropine (0.4 to 0.6 mg), both 
given IM. The first 140 patients received 50 
mg of meperidine and the remainder re- 
ceived 75 mg. All drugs were administered 
by a person who did not participate in the 
determination of the results of the study. 
Thus, evaluations were performed without 
knowledge of the preoperative medication 
or dose administered. 


Preoperative medication was administered 
between 30 and 60 minutes prior to induc- 
tion of anesthesia to 161 patients (39 to 42 
per drug group) and, because of operating- 
room scheduling delays, between 60 and 90 
minutes prior to induction to 119 patients 
(28 to 31 per drug group). 


All patients received a sleep dose of thio- 
pental (2%) IV for induction, with doses 
ranging from 160 to 500 (mean 309) mg. 
This was followed by the administration of 
N.O-O, (4 L:2 L) in a semiclosed-circle 
system. In addition, all but 5 patients re- 
ceived succinylcholine in a 0.2 percent drip 
solution (mean dose 125 mg). Respirations 
were assisted or controlled to provide for 
adequate ventilation and oxygenation. No 
further anesthetics or narcotic analgesics 
were administered during the surgical pro- 
cedure. None of the patients were intubated. 


All patients were evaluated by examina- 
tion and interrogation prior to preoperative 
medication and immediately prior to induc- 
tion of anesthesia. They were rated as: Calm 
or Apprehensive (1-4) and Alert or Drowsy 
(1-4). A rating of 4 indicated maximal ap- 
prehension or drowsiness. General impres- 
sions (global evaluations) were recorded 
immediately prior to anesthesia as: Satis- 
factory ( Calm and Alert or Slightly Drow- 
Sy) or Unsatisfactory. 


Vital signs, including systolic and diastol- 
ic blood pressure and pulse and respiratory 
rates, were recorded just prior to adminis- 
tration of study drugs and immediately be- 
fore induction of anesthesia. 


* 
497 


Any adverse reactions that could be drug 
related were recorded during the time from 
drug administration to induction of anes- 
thesia. 


The time of emergence from the anesthe- 
sia was recorded in the recovery room, and 
any untoward reactions as well as drugs ad- 
ministered were recorded. 


Although it would have been desirable to 
have an evaluation of the comparative am- 
nesic effects of the study medications, this 
was not attempted in the present study, 
because the results might have been affected 
by the administration of postoperative nar- 
cotic analgesics or antiemetic agents required 
by some patients. 


RESULTS 


Results when the patients were compared 
between 30 and 60 minutes after study-drug 
administration with those between 60 and 
20 minutes showed that the effects of hy- 
droxyzine, diazepam, and placebo were be- 
ginning to wane at the end of 60 minutes 
whereas droperidol continued to produce a 
superior calming effect (table 1). 


The patients were generally mild to mod- 
erately apprehensive and all were alert prior 
to receiving the study drugs. The study-drug 
groups were homogeneous in this respect. 
There was a significant* difference, with 
respect to Apprehension, between droperi- 
dol and each of the other study groups. 
Slight drowsiness was produced in a signifi- 
cantly* greater number of patients by dro- 
peridol than by hydroxyzine, diazepam, or 
placebo. Little or no *extreme" drowsiness 
occurred in any group. 


Within-drug group comparisons show that 
the droperidol-treated patients who received 
20 mg of meperidine had a higher incidence 
of drowsiness than those given 75 mg. There 
were no other significant differences in ef- 
fects of the 2 meperidine doses. In preanes- 
thetic general impressions (figure) the dif- 
ference between droperidol and the other 
drugs with respect to apprehension and 
drowsiness is very apparent (p. .0.01, y? 
test). 


There were no clinically significant 
changes in vital signs between drug groups, 
or within drug groups between initial and 
final values. 





*p<0.05, Mann-Whitney U Test. 
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TABLE 1 
Patient/s Mental State: Percent of Patients Calm or Apprehensive 


Before premedication 


Drug group plus Calm Apprehensive 
meperidine 50-75 mg 1 2 3 
Droperidol 5 mg 18 51 29 4 
Hydroxyzine 
50 mg 17 59 20 4 
Diazepam 5 mg 21 49 26 4 
Saline placebo 10 43 33 14 


30-90 minutes after premedication 
Calm 


Percent of Patients Alert or Drowsy (1-4*) 


Before 


rus iai sinl premedication Alert - 
meperidine 50-75 mg Alert 
Droperidol 5 mg 100 31 
Hydroxyzine 50 mg 100 69 
Diazepam 5 mg 100 70 
Saline placebo 100 79 





Apprehensive TETE 
4 1 2 3 4 patients 
3 83 11 0 6 0 70 
0 54 13 26 3 4 70 
46 17 24 11 70 
34 14 26 23 3 70 
Evaluation 30-90 minutes after premedication 
Drowsy Number of 
1 2 3 4 patients 
46 21 1 0 70 
17 i 1 1 70 
21 3 0 0 70 
20 1 0 70 


LL —————————— 


*Category 4 indicates maximum apprehension or drowsiness. 


Adverse reactions observed after drug ad- 
ministration and before induction were in- 
consequential in all drug groups, except that 
there was a larger number of patients with 
nausea and vomiting in the hydroxyzine and 
placebo groups (table 2). A further apprais- 


(70 PATIENTS PER DRUG GROUP) 


"zer 
[lI 
DC 


PERCENT OF PATIENTS 


PLACEBO 


DIAZEPAM 
5 mg 


HYDROXYZINE 
50 mg 


DROPERIDOL 
5 mg 


*i . Calm and Alert 
Satisfactory Response 
or Slightly Drowsy 


SU Unsatisfactory Response 


FIGURE. Global evaluations of effectiveness of 
preoperative medications given with 50 or 75 mg 
meperidine. 





al of adverse reactions from time of induc- 
tion to recovery from anesthesia in the oper- 
ating room revealed no remarkable change 
from preinduction evaluation. 


The time of emergence from anesthesia 
was significantly* shorter for the patients 
who received droperidol than for those given 
hydroxyzine or diazepam. None of the dif- 
ferences between placebo and the other 
study groups reached statistical significance. 


The number of recovery room observa- 
tions was significantly} smaller in the dro- 
peridol group than in each of the other study 
groups (table 3). There were significantly * 
fewer patients with nausea in the droperi- 
dol group than in each of the other study 
groups and significantly* fewer with vom- 
iting in the droperidol and hydroxyzine 
groups. 'The smallest number of patients 
experienced restlessness in the droperidol 
group, but none of the between-group differ- 
ences were significant. Significantly fewer 
patients who required analgesic or antiemet- 
ic medication during the 2-hour follow-up 
period in the droperidol group required an 
antiemetic than in the diazepam group. Gen- 
erally, fewer droperidol patients required 
either of these medications, but there were 
no other significant differences (table 4). 





*p« 0.05, x’ test. 
+p<0.01, x^ test. 
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TABLE 2 


Adverse Reactions (After Drug 


Administration and Before Induction) 
— PAD dc indi eG bl oru betienite, NN 





Hydroxy- 
Dro- zine* Dicze- 
peridol* 50mg pam*  Placebo* 

Effect 5 mg IM IM 5 mg IM IM 
Chills and 
shivering 1 2 0 0 
Hypotension (1) 0 0 g 2 
Bradycardia (2) 2 0 0 0 
Tachycardia (3) 0 0 0 1 
Arrhythmias 1 1 0 0 
Nausea 0 3 0 2 
Vomiting 0 0 0 2 
Dizziness 0 1 0 1 
Total reactions 4 6 3 8 


(1) Hypotension: 25% decrease in systolic pres- 
sure. 


(2) Bradycardia: <60/min. 
(3) Tachycardia: >140/min. 


*Administered concomitantly with meperidine 50 or 
75 mg IM and atropine 0.4-0.6 mg IM. 


TABLE 3 
Recovery-Room Observations 








Dé: wine loss Salis 
peridol* 50mg  pam*  placebo* 

Observation 5me IM IM  5mglM X IM 
Retching 0 0 1 0 
Nausea 2 8 14 13 
Vomiting 3 5 13 13 
Chills 0 1 0 0 
Restlessness 3 5 9 7 
Pain 4 8 5 4 
Drowsiness 0 2 0 1 
Arrhythmia 0 1 0 0 
Tachycardia 0 0 0 1 
Bradycardia 0 0 0 2 
Prolonged 
recovery time 0 1 0 1 
Depressed 
respiration 0 1 0 1 
Hypotension 1 0 1 1 
Crying 1 0 0 0 
Hiccups 0 0 1 0 
Total 14 32 44 44 


——M MÀ 
*Administered concomitantly with meperidine 50 or 
75 mg IM and atropine 0.4-0.6 mg IM. 
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TABLE 4 


Medication Administered During 2-Hour 
Follow-Up Period (Number of Patients 
by Treatment Group)* 


Dro- Hydroxy-  Diaze- 
peridol zine pam Saline 
Drug type 5 mg 50 mg 5 mg placebo 
Analgesics 7 9 T 9 
Antiemetics 3 9 11 9 


*All treatments administered IM concomitantly with 
meperidine. 


DISCUSSION 


This study shows a definite superiority of 
droperidol over hydroxyzine, diazepam, and 
placebo (each given with meperidine) as 
preoperative medication. It is also evident 
that if, after patients are premedicated, a 
delay in surgical scheduling is encountered, 
droperidol is the preferable premedication. 


We saw no indication of the paradoxical 
anxiety, restlessness, dizziness, or depression 
reported by Morrison and associates!” and 
others.!!!? This study, however, was con- 
cerned only with the comparative effects of 
the study drugs in combination with meperi- 
dine. Eighty-three percent of the patients 
given droperidol arrived in the operating 
room with no apprehension or anxiety, and 
an additional 11 percent were only mildly 
apprehensive (rating 1). Sixty-eight percent 
of the patients who received droperidol had 
some degree of drowsiness. 


Midway through the study (after 140 pa- 
tients), the dose of meperidine was in- 
creased from 50 to 75 mg to ascertain wheth- 
er greater sedation would result. However, 
the only effect was an unexplained greater 
incidence of drowsiness among the patients 
who had received the 50-mg dose in the dro- 
peridol group. 


In this study, delayed recovery from anes- 
thesia appeared to be associated with diaze- 
pam and hydroxyzine, judged by the signifi- 
cantly shorter emergence time in the dro- 
peridol-treated group. 


Recovery-room observations indicate that 
fewer untoward reactions occurred among 
patients who had received droperidol. 'The 
significance of this effect is tempered by 
such variables as the response to surgical 
stress that the patients had just undergone 
and the fact that a variety of other medica- 
tions were given during the recovery-room 
stay. 


a 
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The differences in the incidence of nau- 
sea and vomiting and in postoperative anti- 
emetic requirements are indicative of the 
expected antiemetic effect of droperidol. 
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COLLOID ONCOTIC PRESSURE. Total serum proteins and albumin and the colloid 
oncotic pressure were determined in patients undergoing major abdominal or thoracic 
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sion of operation the measured variables were significantly decreased in the group 
receiving whole blood. In contrast, colloid oncotic pressure increased slightly and serum 
albumin was significantly elevated in patients receiving supplemental albumin. Colloid 
oncotie pressure is important in the maintenance of intravascular fluid volume and 
possibly the prevention of postoperative interstitial pulmonary edema. Whole blood 
(or red blood cells reconstituted with saline) do not adequately replace protein loss so 
as to maintain colloid oncotic pressure during operations involving extensive tissue 
dissection. (Howland WS, Schweizer O, Ragasa J et al: Colloid oncotic pressure and 
levels of albumin and total protein during major surgical procedures. Surg Gyn Obst 
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Postintubation Croup in Children 
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Incidence of and contributory factors in post- 
intubation laryngeal edema were determined in 
7875 children under 17 years of age. Data were 
assembled in the manner of a prospective study. 
With an overall incidence of 1 percent, children 
between ages 1 and 4 were most susceptible. 
Excessive size of the endotracheal tube was 


Tr rapid development of upper-airway 

obstruction or croup, as evidenced by 
hoarseness, stridor, and critical airway ob- 
struction, is a potential threat to any child 
who has had endotracheal anesthesia.! Sev- 
eral studies on this subject have been made 
and improvements have been introduced in 
the technic and equipment for endotracheal 
induction, but opinions differ concerning the 
incidence, etiology, and treatment of this 
complication, and many problems remain 
unsolved. Jordan’s group? reported a 3.7 
percent incidence of laryngeal edema in 5833 
children under 15 years of age. Goddard 
and coworkers? reported a 6 percent inci- 
dence in 387 children under 10 years of age, 
and Pender‘ found a 1.6 percent incidence 
of similar complications following induction 
of 3443 children under age 15. It is difficult 
to draw conclusions from such data because 
criteria for diagnosis and the technic of 
intubation have varied. 


*Assistant in Anesthesiology. 
rResident in Anesthesiology. 
iResident in Anesthesiology. 
5 Resident in Anesthesiology. 
| Director of Anesthesiology. 


suspect in half of the cases. Other factors that 
increase trauma to the larynx while an endo- 
tracheal tube is in place showed significant cor- 
relation to the total incidence of postintubation 
laryngeal edema. No tracheostomies were re- 
quired. 


The present study was undertaken to de- 
termine the occurrence of significant upper 
airway obstruction following intubation of 
children in our own hospital, and to com- 
pare several factors thought to be associ- 
ated with its development. For the sake of 
simplicity the term “croup” was used to 
describe such obstruction, as evidenced by 
hoarseness, stridor and/or sternal retraction. 


METHODS AND MATERIALS 


The study was based upon a total of 7875 
children under 17 years of age who received 
endotracheal anesthesia at the Children's 
Hospital Medical Center, Boston, between 
January 1, 1973, and January 1, 1975. Data 
were assembled in the form of an ongoing 
study in which a special form for each child 
intubated was completed by the attending 
anesthesiologist and included entries relat- 
ing to the patient, the operation, and the 


**Children’s Hospital Medical Center, Boston, Massachusetts 02115. 
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FACTORS INFLUENCING THE INCIDENCE OF POST-INTUBATION CROUP 
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Fic 1. Contributing factors in the development of postintubation croup. All the factors shown increased 


trauma to the larynx. 


technic of intubation. At the completion of 
the study, control and croup series were 
compared by chi-square analysis and a p 
value of less than 0.05 was considered sig- 
nificant. 


In order to establish a control group, 1100 
records were chosen at random from the 
total 7875. Following operation, all patients 
were observed in the recovery areas attend- 
ed by personnel trained in recovery care and 
supervised by a member of the anesthesia 
staff. In those children who developed 
hoarseness, stridor, and/or retraction, a pre- 
sumptive diagnosis of croup was made; 
these children subsequently constituted the 
croup series. There was no attempt at this 
time to establish the diagnosis by laryngos- 
copy for fear of aggravating the condition. 
For each child showing these signs, a sec- 
ond form was initiated for collection of data 
concerned with the course of the complica- 
tion, the type of therapy administered, and 
the child's response. 


RESULTS 


Of the 7875 children intubated during the 
2.year period, 80 developed postintubation 
croup, an overall incidence of 1 percent. 


Contributing Factors in the Development 
of Postintubation Croup (fig 1).—No single 
factor played the chief role in causing post- 
intubation croup but several showed posi- 
tive correlation with the incidence of this 
complication. The age of the patient, trauma 


related to intubation, and duration of opera- 
tion were most significant. Other factors are 
described below and shown in table 1. 


1. Age of Patient (fig 2).— There was a 
definite but unexplainable relationship of 
croup to age. In infants under 1 year old, 
the incidence of croup was strikingly low, 
only 2 infants showing signs of airway ob- 
struction. 'This represented a 2.5 percent 
incidence (2/80) in the croup series, com- 
pared to the 9.2 percent incidence (94 of 
1100) in the controls. 





AGE (years) 

Fic 2. Relationship of age to development of 
postintubation croup. Children between 1 and 4 
years of age are more likely to develop this com- 
plication. 
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TABLE 1 
Contributing Factors in the Development of Postintubation Croup 


Croup series Control series 


Percent Total: 80 Percent Total: 1011 p value 


l. Age 
<1 year 
1-4 years 
>4 years 


2. Trauma during intubation 
(more than 1 attempt) 


Tight-fitting endotracheal tube 
Cough 
Changing patient's position while intubated 


Duration of intubation >1 hour 


e^ a a e 


Operations in neck region 


2.5 2 9.2 94 0.05 
40.0 32 18.2 185 0.001 
57.5 46 72.4 732 
21.25 17 12.8 119 0.025 
50.0 40 31.0 313 0.005 
46.25 37 38.71 391 0.005 
25.0 20 1.68 LT 0.005 
87.5 70 68.5 692 0.005 


11.25 9 6.3 64 0.1 
ix M c: cc ccc cca JH NE EUN A, MENU sana 


The incidence of croup in children be- 
tween ages 1 and 4 was 40 percent in the 
croup series, more than twice that in the 
controls. Beyond age 4, there was a gradual 
reduction in the tendency to develop post- 
intubation croup. 


2. Trauma Related to Intubation. —Me- 
chanical injury has always been considered 
a probable source of postintubation compli- 
cations.?.9 Yet, since gross tissue damage is 
seldom encountered and any bleeding is 
equally rare, trauma is difficult to evaluate. 
In our series, it was considered probable 
that repeated attempts at intubation would 
be a reasonable measure of intubation trau- 
ma. Note was made in each case as to the 
number of attempts required for successful 
intubation. 'The results proved definitely 
significant when related to the incidence of 
postoperative croup. In the croup series, 21 
percent of the children required more than 
1 attempt at intubation, a marked difference 
from the 12.8 percent requiring more than 
1 attempt in the control group. 


3. Size of Endotracheal Tube. It was 
suspected that use of endotracheal tubes of 
excessive size could be an important factor 
in postoperative airway obstruction. After 
each endotracheal tube was fixed in place, 
positive pressure of approximately 25 cm 
H.O was exerted on the breathing bag. Only 
by demonstrating an appreciable air leak 
could we be sure that the endotracheal tube 
was not too large. There was a marked rela- 
tionship between the incidence of postintu- 
bation croup and the number of patients in 
whom there was no leak around the endo- 
tracheal tube. In the 80 children who de- 


veloped croup, 40 had shown no leak around 
the endotracheal tube. This 50 percent inci- 
dence was especially impressive when com- 
pared to the 31 percent incidence in the 
control group. 


4. Coughing with Endotracheal Tube in 
Place. — Active coughing or straining by 
children at any time while the endotracheal 
tube was in place was taken as a possible 
cause of tracheal irritation, and any response 
of this nature was recorded. Here again our 
results showed positive correlation with the 
development of croup, 46 percent of the 80 
children in the croup series having coughed 
or moved while the endotracheal tube was 
in place compared to the 39 percent of the 
controls who coughed. 


9. Changing Patient's Position. — Another 
possible source of trauma was believed to 
lie in moving the patient's head while the 
endotracheal tube was in place, thereby 
causing increased pressure on the glottis or 
trachea. Our study showed a greater inci- 
dence of croup in patients whose head posi- 
tion was changed, 25 percent in the croup 
series having been repositioned on the oper- 
ating table compared to 1.7 percent of the 
controls. 


6. Duration of Intubation.— As one would 
expect, longer periods of intubation were 
followed by more airway irritation. In the 
croup series, 88 percent of the children were 
intubated for more than 1 hour, compared 
to 68 percent of the controls. 


7. Position of the Patient. — The inci- 
dence of croup in relation to patient's posi- 
tion on the operating table proved to have 
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significance. Operations performed in posi- 
tions other than supine showed a 20 percent 
incidence in the croup series compared to a 
14.5 percent incidence in the control series. 


8. Site of Operation.—A higher incidence 
of croup followed operations about the neck 
in the croup series (11 percent compared to 
6 percent of controls), but following opera- 
tions on the head, the difference between the 
2 groups was hardly distinguishable. 


Factors that Failed to Correlate with the 
Development of Postintubation Croup.—At 
the beginning of this investigation, it was 
believed that all factors studied might con- 
tribute to the incidence of postintubation 
croup. However, 5 factors studied failed to 
show significant correlation with the devel- 
opment of postintubation croup (table 2): 


]. Sex of patient. 


9 Presence or history of upper respira- 
tory infection (URI). 


3. Use of humidification. 


4. Use of analgesic spray or lubricant. 


Clinical Course of the Children Who De- 
veloped Croup.—Although our study was 
primarily aimed at the evaluation of the 
contributing factors in postintubation croup, 
the fate of those children who did develop 
croup is also naturally of concern. The time 
of onset of symptoms varied from immedi- 
ately after extubation to a maximum of 3 
hours after extubation. In a large majority, 
signs were obvious within 1 hour after oper- 
ation and passed their maximum intensity 


TABLE 2 


Factors That Did Not Influence the Incidence 
of Postintubation Laryngeal Edema 


Croup series Control series 


Total: Total: 
Percent 80 Percent 1011 
Sex 

Male 61.25 49 54.1 54 
Female 88.75 31 459 464 
History of URI 15.0 12 13.% 139 
Presence of URI 6.0 5 10.0 101 

Cuff on endotracheal 
tube 21.25 17 £424.33 246 
Humidification 55.0 44 57.07 577 
Lidocaine spray 5.0 4 8.0 82 
Lidocaine gel 15.0 12 21.0 211 
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within 4 hours, becoming markedly dim- 
inished or absent within 24 hours. Exception 
is made of 2 children who required reintu- 
bation for 24 hours, after which time extu- 
bation was accomplished without further 
complication. 


No child in the 7875 required tracheos- 
tomy. 


Treatment of Postintubation Croup.' 19? — 
Treatment, started as soon as symptoms of 
croup were noticed, consisted of humidified 
O, at Fro, 0.6 administered by croup tent or 
face mask, and dexamethasone, given IV as 
a single dose of 4 to 8 mg, as originally sug- 
gested by Deming and Oech.* This was 
repeated 3 hours later if the child had not 
shown definite improvement. However, sec- 
ond doses rarely were needed. 


Three children received racemic epineph- 
rine inhalation by intermittent positive-pres- 
sure breathing (IPPB) by means of a Bird* 
Mark-7 ventilator. For this treatment, 0.5 
ml of 2 percent racemic epinephrine was 
mixed with 3 ml of sterile distilled water. 


DISCUSSION 


This study showed a considerable differ- 
ence from what had been expected in the 
part played by various etiologic factors in 
the development of postintubation croup. 


The low incidence of croup in infants 
under 1 year of age was impressive but not 
surprising, for this had been noticed by us 
before, and had been reported by Bachman."! 
This tolerance of small infants has never 
been satisfactorily explained. However, it 
is also characteristic of small infants that 
they show a similar low incidence of infec- 
tious croup. 


The highest incidence of croup in relation 
to age occurred in the 1 to 4 year age group. 
When compared to the decreasing incidence 
in older children and adults, this might 
easily be blamed upon the narrower lumen 
and more sensitive tissues of younger pa- 
tients. The remarkably low incidence of 
croup just cited in infants under 1 year old 
contradicts this explanation rather effective- 
ly, however, and we are left without an 
explanation of either the high or low scores. 


The clinical significance of the above find- 
ing is definitely reassuring in respect to use 
of endotracheal tubes in neonates and pre- 
mature infants, who for some time were 
thought to be particularly poor candidates 
for tubes of all kinds. 


Postintubation Croup in Children . . . Koka, et al 


The findings in respect to various aspects 
of trauma were most informative. It became 
evident that emphasis no longer should be 
placed upon having a snug-fitting endotra- 
cheal tube. With the routine use of ventila- 
tory assistance or control, the resistance of 
a slightly smaller tube is no longer an appre- 
ciable hazard; the greater hazard is that of 
having a tube that is too large and thus will 
irritate the trachea. It is now our standard 
practice to choose an endotracheal tube that 
allows a leak when tested with 20 to 25 cm 
H.O pressure. If this is not evident, the 
tube is replaced by one small enough to 
allow the desired leak. It is pleasing to note 
that other pediatric anesthesiologists are 
adopting the same practice. 


Other factors that showed a positive role 
in the etiology of croup were primarily 
those that involved injury or mechanical 
irritation of the airway, rather than being 
related to chemical or infectious processes. 
Thus coughing while intubated, and passive 
repositioning of the head, more prolonged 
periods of intubation, and especiallv re- 
peated attempts at intubation all appeared 
to be factors that deserve greater attention. 


We were most surprised to find the pres- 
ence of URI played an insignificant role. It 
had always been considered highly undesir- 
able to intubate any child who had, or who 
had recently recovered from, any kind of 
upper-airway infection, and intubation had 
only been performed when urgently needed. 
However, the finding that postintubation 
croup was not increased in patients with cur- 
rent or recent respiratory infection should 
not be exploited, and we shall continue to 
avoid intubation of these patients whenever 
possible. 


It was also surprising to find that intuba- 
tion by the nasal route was not appreciably 
more traumatic than oral intubation. We 
had expected no difference in the incidence 
of croup between boys and girls, although, 
in our experience with acute epiglottitis and 
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laryngotracheobronchitis, all those who have 
required intubation during the past 2 years 
have been boys. Earlier observation had led 
us to believe that neither humidification nor 
lubricating jelly was of clinical importance 
in preventing airway irritation; consequently 
the data that confirmed this did not sur- 
prise us. 
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Hyperglycemic Hyperosmolar Nonketotic Coma 
Following Diazoxide, Anesthesia 
and Operation 


BAEKHYO SHIN, MD* 
SAMUEL |. JOSEPH, PhD, MD} 


Baltimore, Maryland: 


Unsuspected hyperglycemia caused prolonged 
postanesthetic coma in a nondiabetic patient 
treated with IV diazoxide and furosemide. The 
combined effect of these drugs with general an- 
esthesia and surgical stress was postulated as 


H YPERGLYCEMIC hyperosmolar nonketotic 
coma (HHNKC) has been reported 
in known diabetic and previously unknown 
diabetic patients, associated with general 
anesthesia.!? HHNKC has also been report- 
ed in association with the use of diazoxide 
in the management of resistant hyperten- 
sion,?.* unassociated with anesthesia. This is 
a report of HHNKC following a single IV 
dose of diazoxide and subsequent surgical 
anesthesia. 


REPORT OF A CASE 


A 70-year-old man was admitted to the 
emergency room with a chief complaint of 
abdominal pain. He was known to have had 
gastric carcinoma 3 years before, at which 
time gastrectomy, distal pancreatectomy, 
and esophagojejunostomy were performed. 
Since then he had been in excellent health, 
taking no medications. Pertinent physical 
findings on admission were: blood pressure 
220/110, irregular pulse with a rate of 90, 
grade III-IV murmur at the left sternal 


* Assistant Professor. 


1 Professor. 


the cause of the hyperglycemia. Blood glucose 
should be measured during and after general 
anesthesia in patients who are potential candi- 
dates for hyperglycemic hyperosmolar nonke- 
totic coma. 


border, enlarged prostate, and a pulsatile 
abdominal mass. 


Soon after admission, blood pressure rose 
to 260/120. Diazoxide (300 mg) was in- 
jected IV. Furosemide (40 mg) was also 
injected, to minimize the hypernatremia and 
expansion of plasma volume often associ- 
ated with diazoxide administration. Digox- 
in was given, apparently in anticipation of 
impending congestive heart failure. Lido- 
caine was given IV for frequent premature 
ventricular contractions (PVCs). Blood 
pressure promptly fell to 150/80 and sta- 
bilized at that level. Routine laboratory 
data, including blood sugar, were within 
normal limits. 


Following an aortogram which revealed 
an abdominal aneurysm, resection was initi- 
ated under N.O-O.-halothane anesthesia 
supplemented with d-tubocurarine, 4 hours 
after administration of diazoxide. During 
the 514-hour procedure, blood pressure was 
maintained between 130/70 and 150/80, 
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TABLE 
Laboratory Findings in Recovery Room 


———————————————— 


Arterial blood gases (Fios?.3) Blood chemistry 


—— 


pH 7.41 Na* 129 mEq/L 
Pao. 108 torr C- | 94mEq/L 
Paco, 34 torr K+ 3.6 mEq/L 
Hb sat 99.8% CO; 28 mEq/L 
Standard 

HCO, 21 BUN 17mg 

Base excess 2 


————— 


pulse 90-110, and CVP 7-14 cm H.O. Esti- 
mated blood loss was 3000 ml. Fluid replace- 
ment consisted of 500 ml of D./W and 3000 
ml of whole blood. Mannitol (100 gm) and 
furosemide (240 mg) were given in a vigor- 
ous attempt to overcome the oliguria of the 
first 3 hours of operation. Total urine out- 
put following diuretics was 1100 ml for the 
next 2 hours. 


In the recovery room, the patient, not yet 
responding, was placed on a ventilator. With 
vital signs stable, he remained unresponsive 
for several hours except for occasional 
twitching of the hands and feet. Block-Aid* 
monitor indicated no residual effect of d-tu- 
bocurarine. ECG revealed occasional PVCs. 
but no other abnormalities. Laboratory find- 
ings at this time were as shown in the table. 


A diagnosis of an idiopathic convulsive 
disorder following anesthesia was made. 
Two doses of diphenylhydantoin (100 mg ) 
were given IV, although the EEG did not 
show seizure activity. Twelve hours post- 
operatively, HHNKC was first and finally 
suspected when attention was brought to 
the fact that the 2-hour postoperative blood 
glucose and osmolality were 942 mg % and 
336 mOsm/L, respectively. However, blood 
glucose at this time was 463 mg % and the 
patient began to regain consciousness. Lac- 
tated Ringer’s solution was infused at a 
rate of 500 ml/hr. Twenty units of regular 
insulin were given subcutaneously. Five 
hours later, the blood glucose was 44 mg % 
and osmolality was 288 mOsm/L. Five per- 
cent glucose was administered to correct the 
low glucose. The patient regained conscious- 
ness completely 18 hours postoperatively, 
without any residual neurologic deficit. He 
required no further insulin during his hos- 
pital stay and was discharged from the hos- 
pital without further complication 13 days 
later. 
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DISCUSSION 


Diazoxide, which has been used success- 
fully to treat patients with severe hyperten- 
sion, has been reported to increase the blood 
glucose level mainly by inhibiting insulin 
release from the pancreas and stimulating 
catecholamine release.9:5 Hyperglycemia 
may be further compounded by the con- 
comitant injection of furosemide or thia- 
zides, which are frequently used with diaz- 
oxide and are structurally similar.*-9 Di- 
phenylhydantoin is also known to cause 
hyperglycemia; the mechanism is un- 
known. !? 


Elevated blood glucose is often found dur- 
ing and following general anesthesia in re- 
sponse to surgical and anesthetic stress,!! 
particularly in light anesthesia and intra- 
abdominal operations. Although the cause 
of hyperglycemia was believed to be the 
glycogenolytic effect of catecholamines re- 
leased under anesthetic stress, it is also re- 
ported that glucose intolerance may play a 
role to increase blood glucose in halothane 
and methoxyflurane anesthesia. It has 
been suggested that glucose intolerance due 
to decreased response to insulin may be 
associated with a low cardiac output state, 
as hyperglycemia has been observed fre- 
quently during cardiopulmonary bypass in 
both diabetic and nondiabetic patients.!? 


Since a single dose of diazoxide rarely 
causes severe hyperglycemia, the magnitude 
in this case may well have been the result 
of several of the factors mentioned. Inade- 
quate intraoperative replacement of fluid 
and excessive administration of diuretics 
could contribute to hyperosmolality. 


Twitching of the hands and feet during 
the comatose state may have represented 
extrapyramidal symptoms, such as those 
observed by Neary and coworkers!‘ in hy- 
pertensive patients treated with diazoxide, 
although these usually develop during long- 
term therapy. Such symptoms may lead to 
the erroneous diagnosis of cerebrovascular 
accident or convulsive disorder. 


HHNKC is more likely to occur in older 
patients with mild diabetes. Dehydration, 
steroid therapy, burns, hyperalimentation, 
sepsis, pancreatitis, uremia, and surgical 
stress are other possible contributing factors. 
Mortality in prolonged hyperosmolar coma 
may be as high as 40 to 60 percent. Early 
recognition, appropriate administration of 
insulin, and replacement of water, sodium, 
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and potassium are essential to decrease mor- 
tality.!° 


Early recognition will be aided by glucose 
determinations during and after anesthesia 
in patients who are potential candidates for 
HHNKC, especially in patients treated with 
diazoxide. 


The foregoing report is not tendered as a 
model of suggested management but to warn 
of the possibilities and dangers. 


REFERENCES 


1. Bedford R: Hyperosmolar hyperglycemic 
nonketotic coma following general anesthesia. Re- 
port of a case. Anesthesiology 35:652-655, 1971 


2. Toker P: Hyperosmolar hyperglycemic non- 
ketotic coma, a cause of delayed recovery from anes- 
thesia. Anesthesiology 41:284-285, 1974 


3. Harrison BDW, Rutter TW, Taylor RT: 
Severe nonketotic hyperglycemic precoma in a 
hypertensive patient receiving diazoxide. Lancet 
2:599-600, 1972 


4. Charles SJ, Harrington AH: Nonketoacidotic 
hyperglycemia and coma during intravenous diaz- 
oxide therapy in uremia. Diabetes 20:501-503, 1971 


5. Koch-Weser J: Drug therapy. N Engl J Med 
294:1271-1274, 1976 


6. Kozman ME: Evaluation of diazoxide. JAMA 
224: 1422-1423, 1973 


ANESTHESIA AND ANALGESIA . . . Current Researches VoL. 56, No. 4, JULY-AUGUST, 1977 


7. Senft G: Biochemical aspect of the hyper- 
glycemic action of diazoxide. Ann NY Acad Sci 
150: 242-253, 1968 


8. Porte D Jr: Inhibition of insulin release by 
diazoxide and its relation to catecholamine effect 
in man. Ann NY Acad Sci 150:281-289, 1968 


9. Floy JM, Furman BL: Effect of single dose 
administration of diuretics on the blood sugar of 
alloxan-diabetic mice or mice made hyperglycemic 
by acute administration of diazoxide. Br J Pharma- 
col 47:124-132, 1973 


10. Peters BH, Samaan NA: Hyperglycemia 
with relative hypo-insulinemia in diphenylhydantoin 
toxicity. N Engl J Med 281:91-92, 1969 


11. Clarke RSJ: The hyperglycemic response to 
different types of surgery and anaesthesia. Br J 
Anaesth 42:45-53, 1970 


12. Merin RG, Samuelson PN, Schalch DS: 
Major inhalation anesthetics and carbohydrate me- 
tabolism. Anesth Analg 50:625-632, 1971 


13. Mills NL, Beaudet RL, Isom OW, et al: 
Hyperglycemia during cardiopulmonary bypass. Ann 
Surg 177:203-205, 1973 


14. Neary D, Thurston H, Pohl JEF: Develop- 
ment of extrapyramidal symptoms in hypertensive 
patients treated with diazoxide. Br Med J 3:474- 
475, 1973 


15. Arieff A, Carroll HJ: Nonketotic hyperos- 
molar coma with hyperglycemia: clinical features, 
pathophysiology, renal function, acid-base balance, 
plasma-cerebrospinal equilibrium and the effects of 
therapy in 37 cases. Medicine 51:73-94, 1972 


RENAL FUNCTION AND ENFLURANE. Fluoride ion kinetics after nitrous oxide- 
enflurane anesthesia were determined in 16 healthy control patients, 18 anephric patients 
and 6 patients with creatinine clearance less than 5 ml/min and undergoing chronic 


hemodialysis. The dose of enflurane was similar in all 3 groups. 


There was no signifi- 


cant difference between groups with respect to maximum serum inorganic fluoride con- 
centrations (control 13.2 4, M/l, anephric 13.4 uM/I, low creatinine clearance 19.4 4,M/1) 


or time to reach these concentrations 


(about 4 hours after beginning enflurane). The 


greatest serum fluoride concentration was 46.3 4,M/l in a low-clearance patient. Serum 


fluoride decreased rapidly after 


termination of enflurane even in anephric patients 


presumably reflecting ion uptake by bone. It was concluded that uptake of fluoride by 
bone is the major determinant of serum concentrations after low-dose enflurane anes- 


thesia. 


low-dose enflurane even in the absence of r 


ardo S: Fluoride kinetics after enflurane 
and in patients with poor renal function. 


It seems unlikely that toxic serum fluoride concentrations would occur with 
enal function. (Carter R, Heerdt M, Acchi- 
anesthesia in healthy and anephrie patients 
Clin Pharm Thor 20:565-570, 1976) 
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Relationship of Pre- and Postanesthetic EEG Abnormalities 
to Enflurane-Induced Seizure Activity 


KIM J. BURCHIEL, MD* 
JAMES J. STOCKARD, MD, PhD} 
RODERICK K. CALVERLEY, MD¢ 

N. TY SMITH, MD§ 


In 12 subjects, serial electroencephalograms 
(EEGs) following a standard exposure to en- 
flurane anesthesia were evaluated with respect 
to (1) preanesthetic baseline EEGs, and (2) 
the occurrence of clinical or electrographic epi- 
leptiform EEG activity during anesthesia. 
There were no consistent predictors of enflu- 
rane-induced seizure activity in the preanes- 
thetic EEG recordings, although the one pa- 
tient of the group with a marginal preanes- 
thetic EEG abnormality manifested the largest 
number of seizures during anesthesia (but none 
subsequently). No specific relationship was 
found between the duration of postanesthetic 
EEG changes and the occurrence of a seizure 
during anesthesia. Postanesthetic EEGs from 


Eon. like other ether anesthetics, 

can produce electrographic and behav- 
ioral manifestations of cerebral irritation. In 
the conditions of current clinical use, en- 
flurane is a potential convulsant, capable of 
producing intraoperative electroencephalo- 
graphic (EEG) seizure activity with con- 
comitant tonic-clonic movements of the ex- 
tremities in a significant number of non- 
paralyzed subjects. Assessments of the 
postoperative significance of intraoperative 
observations have produced conflicting con- 
clusions. 


Neurologic or psychologic impairment has 


all subjects showed diffuse slowing. Three spe- 
cific electrographic alterations were also found: 
(1) In all 12 subjects, the alpha frequency de- 
creased by 1 to 4 Hz for 2 to 6 days after 
anesthesia. (2) In 8 subjects, posterior inter- 
mittent rhythmic delta activity persisted for 
6 to more than 30 days after enflurane. (3) An 
increased amplitude and incidence of benign 
incidental preanesthetic focal EEG findings 
seen in 6 subjects could be demonstrated for 2 
to 30 days after anesthesia. In general, EEG 
changes were seen for 6 to 30 days after anes- 
thesia, but at no point did de-novo EEG epilep- 
tiform activity appear in any subject following 
anesthesia. 


not been demonstrated after enflurane anes- 
thesia.^ However, a recent clinical report? 
documented the occurrence of generalized 
seizure activity in two patients 6 and 8 days 
after enflurane anesthesia. Although in one 
of these cases there was a history of post- 
traumatic headaches and a family history of 
a seizure disorder, there was no evidence of 
possible predisposing factors in the other 
case. 


It has been shown in cats that de-novo 
epileptiform EEG activity appears on the 
2nd day after exposure to enflurane, peaks 
at 4 days, and disappears by 16 days.!^ We 
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examined serial EEGs in human volunteers 
who received a standardized dose of enflu- 
rane, in order to assess possible postanes- 
thetic epileptiform changes in the EEG 
which could precede clinical seizure activity. 


METHODS AND MATERIALS 


'Twelve healthy male volunteers aged 22.5 
+ 0.5 (SEM) years were carefully screened 
by physical and psychological examination 
and informed consent obtained. In no sub- 
ject was there a past or family history of 
epilepsy or other neurologic disease. Pre- 
anesthetic evaluation included neurologic 
examination, psychiatric interview, MMPI* 
and IQ scores, detailed evaluation of cardi- 
ac, pulmonary, renal and hepatic function, 
and baseline hematologic and metabolic 
studies. 


In all subjects, preanesthetic control EEG 
recordings, including photic driving re- 
sponses and hyperventilation, were made 
with a 16-channel Grass electroencephalo- 
graph both 5 and 2 days before anesthesia, 
and were immediately reviewed to screen 
out those subjects with evident EEG abnor- 
malities. Postanesthetic EEGs were ob- 
tained in a similar manner in every case at 
1, 2, 6, 8, 14, and 30 days after the study. 
Subjects with abnormal EEGs at 30 days 
were followed up with an EEG at 6 months 
postanesthesia. All postanesthetic EEG rec- 
ords were interpreted without any knowl- 
edge of the EEG findings during anesthesia 
in that particular case. 


In all subjects, spontaneous EEG activity 
was recorded with a Beckman 8-channel 
Accutrace recorder immediately before the 
induction of anesthesia and then recorded 
continuously through induction and during 
various combinations of anesthetic and CO. 
alveolar concentrations. Subjects received 
no premedication, although 3 were briefly 
paralyzed with succinylcholine to facilitate 
intubation. All subjects were equilibrated 
for 10 minutes at 1 and 1.5 MAC alveolar 
enflurane concentrations (MAC = 1.89% in 
this age group!!) at normocarbia (PACO, = 
36-42 torr) and hypercarbia (Paco. = 45-86 
torr); 6 of these subjects were also equili- 
brated at 2 MAC at normocarbia and hyper- 
carbia. Subjects received a total of 9.6 + 0.4 
MAC-hours of enflurane anesthesia. Subse- 
quent to anesthesia, all volunteers remained 
on a hospital ward for 2 days for close ob- 
servation and follow-up testing. 





*MMPI: Minnesota Multiphasic Personality Inven- 
tory. 
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The protocol for these studies was ap- 
proved by the Human Research Committees 
of the VA Hospital and the University of 
California, San Diego. 


RESULTS 


The effects of alveolar CO. and enflurane 
concentrations on the occurrence of epilepti- 
form EEG activity during anesthesia in 
these subjects is reported elsewhere.!? Dur- 
ing enflurane anesthesia, facial or extremity 
myoclonus was seen in all subjects and was 
associated with polyspike and wave dis- 
charges in the EEG. Spontaneous electro- 
graphic seizure activity was seen in 6 sub- 
jects during anesthesia, 5 of whom mani- 
fested tonic-clonic movements of the extrem- 
ities coincident with the electrographic seiz- 
ure activity. Interpretations of EEG record- 
ings obtained following enflurane anesthesia 
were evaluated with respect to (1) preanes- 
thetic baseline EEGs, and (2) the occur- 
rence of clinical or electrographic epilepti- 
form activity during anesthesia. 


In 6 subjects, several incidental preanes- 
thetic EEG findings, while entirely within 
the limits of normal, were of note in light 
of postanesthetic EEG changes. Baseline 
EEGs in 4 subjects revealed posterior delta 
activity, and in one of these subjects, the 
pattern of 14/sec and 6/sec positive spikes 
was also recognized prior to anesthesia. In 
3 subjects, one or both control! recordings 
showed minimal bitemporal delta and/or 
theta activity compatible with drowsiness. 
In one subject of this group (subject 4) a 
brief paroxysm of 6/sec atypical spike and 
wave activity was noted in one of his pre- 
anesthetic EEG recordings, but was not 
initially appreciated. 


Of these 6 subjects, 3 developed seizures 
when they received enflurane, while 3 of the 
remaining 6 subjects without these inci- 
dental EEG findings had seizures when re- 
ceiving enflurane. Despite this apparent 
lack of correlation between these preanes- 
thetic EEG findings and the occurrence of 
a seizure during enflurane anesthesia, the 
subject with the preanesthetic paroxysm of 
atypical spike and wave activity mentioned 
above was the only subject who had more 
than 1 enflurane-induced seizure (table). 


Postanesthetic EEGs from all subjects 
showed diffuse slowing. There were, how- 
ever, several specific electrographic altera- 
tions noted. First, in all 12 subjects, the 
alpha frequency or background rhythm was 
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TABLE 
Summary of Preanesthetic Control EEGs and Changes in EEG 
Following Enflurane Anesthesia 
Duration of 

postanesthetic 

Occurrence of Postanesthetic Posterior augmentation 
seizure activity alpha frequency intermittent of incidental Return to 
Control during decrement (Hz) / rhythmic delta control EEG control EEG 


Subject EEG* anesthesia duration (days) duration (days) findings (days) + (days) 
1 wnl + 3.5/6 — — 6 


2 wnl — 2.0/6 30 — >30 
3 wnl — 1.5/6 — = 6 
4 atyp S-W +$ 1.5/2 — 6 6 
temp, 
post A 
ant 6 
5 post A — 2.5/6 8 6 30 
6 temp A + 3.5/6 — 6 6 
ant 9 
7 temp — 1/2 6-8 30 14-30 
post A 
8 post A — 3.5/6 6-8 8 8 
144-6 
9 ant ə + 1.5/6 6-8 2-6 8 
10 wnl — 2.5/6 6 — 6 
11 wnl + 1/2 8-14 — >30 
12 wnl + 3.5/6 6 — 14-30 


*All control recordings were, strictly speaking, *within normal limits" except 1 record of subject 4, which 
showed a brief paroxysm of atypical spike and wave activity (see text). 


See text. 


tiAlIl EEGs had returned to preanesthetic baseline by 6 months. 


$3 Multiple. 


Key: wnl — within normal limits; atyp S-W — atypical spike-wave: temp — temporal; post — posterior; 


ant = anterior; A = delta (0-3 Hz); 9 = theta (3-7 Hz); 146 = 


significantly (p<0.01) slowed by 1 to 4 Hz 
at 1 and 2 days after anesthesia, with a 
return to normal by 6 days and normal re- 
cordings at 8 and 30 days (fig 1). The inci- 
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Fic 1. Alpha frequency expressed as a percent 
of baseline alpha frequency + 1 SEM is slowed at 
1 and 2 days (p<0.01) after anesthesia ( dashed 
line) and returns to preanesthetic baseline by 6 days. 


14/sec and 6/sec positive spikes. 


dence or degree of background slowing did 
not correlate with the occurrence of a seiz- 
ure during anesthesia. 


Second, in 8 subjects, posterior intermit- 
tent rhythmic delta activity persisted from 
6 to 30 days following enflurane. The pre- 
anesthetic posterior slowing described earlier 
was present in only 3 subjects of this group, 
and thus may be unrelated to this finding. 
There was no significant correlation of this 
activity with the preceding occurrence of an 
enflurane-induced seizure. 


Third, the previously mentioned specific 
incidental preanesthetic EEG findings de- 
scribed in 6 subjects were accentuated fol- 
lowing anesthesia, including an increased 
amplitude and incidence of bitemporal delta 
activity (fig 2). In subject 4, although no 
further paroxysms of atypical spike and 
wave activity were recorded after anesthesia, 
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Fic 2. Serial EEGs in subject 4 show atypical 6/sec spike and wave and bilateral midanterior tem- 
poral delta activity prior to anesthesia, with enhancement of bitemporal delta at 1 and 2 days after 
anesthesia and return to baseline EEG activity by 6 days. 


the occurrence of so-called “small, sharp 
spikes" was noted on the 1st postanesthetic 
day. 'The duration of these changes was 
again unrelated to the presence or absence 
of antecedent enflurane-induced seizure ac- 
tivity. These data are summarized in the 
table. 


In general, postanesthetic EEG altera- 
tions persisted for 6 to 30 days following 
anesthesia. In 3 cases, EEG recordings at 
30 days had not returned to tbe subject's 
preanesthetic baseline; however, follow-up 
EEGs in these subjects at 6 months were 
identical to control recordings. At no point 
did de-novo EEG epileptiform activity ap- 
pear in any subject following anesthesia, and 
in close observation during initial follow-up, 
there was no objective or subjective evidence 
nor reports of seizure activity. Neurologic 
examination performed on the 1st postanes- 
thetic days was normal, and remained so in 
the follow-up period, which was at least 30 
days. 


DISCUSSION 


Both the patterns of posterior delta activ- 
ity, which probably represents the posterior 
slowing commonly seen in children and 
young adults,!? and 14/sec and 6/sec posi- 
tive spikes!4 recorded in the preanesthetic 
EEGs of 6 subjects, are benign rhythms 
commonly recorded from patients with a 


wide variety of symptoms, as well as asymp- 
tomatic control patients, and probably have 
little clinical significance. As a matter of 
fact, these EEGs were read as normal by a 
clinical neurologist. Although sometimes 
seen in EEGs from neurologically normal 
subjects, however, the so-called spike and 
wave "phantom" noted in the baseline EEG 
of one subject has been reported to occur 
in a population of patients exhibiting a high 
incidence of convulsive patterns of the more 
common types,!? and may be provoked by 
parenteral administration of centrally acting 
antihistamines.!^ 


These wave-forms, which are encountered 
in less than 1 percent of EEG recordings 
(except for 1 report suggesting they may be 
more common!*), do not have specific path- 
ologic significance but are often associated 
with seizures or head injuries or with ques- 
tionable or ill-defined epileptiform phenom- 
ena, autonomic dysfunctions, and emotional 
disturbances.!*-?? 


We have been unable to demonstrate epi- 
leptiform changes in serial EEGs of subjects 
following enflurane anesthesia. The “small, 
sharp spikes" noted in 1 subject on the 1st 
postanesthetic day are commonly seen in 
normals and are not truly epileptiform, nor 
are they thought to be clinically signifi- 
cant.! These results contrast with those 
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described in the cat by Julien and Kavan.!^ 
These authors, however, had the benefit of 
depth recording in their experimental ani- 
mals, and, in fact, the de-novo epileptiform 
activity they documented of highest ampli- 
tude was from depth electrodes in thalamus 
(posterolateral ventral, centromedian, and 
dorsomedial nuclei), while similar activity 
of much lower amplitude was recorded from 
the neocortical surface. 


It would not be surprising, then, that 
using conventional EEG recording technics 
we might fail to record at the surface mini- 
mal epileptiform activity occurring in deep 
thalamic or limbic structures. Nasopharyn- 
geal electrodes are useful in this regard, and 
were used early in this series but were 
abandoned due to technical difficulties. We 
therefore cannot exclude the possibility that, 
following enflurane anesthesia, there is ac- 
tual subcortical epileptiform activity which 
is not recorded by the standard EEG; how- 
ever, without any evidence of seizure activ- 
ity or other cerebral dysfunction, such activ- 
ity would be of doubtful clinical significance. 


The etiology of spontaneous seizures some 
days after enflurane anesthesia remains un- 
clear. The interval during which these epi- 
sodes have been reported to occur is com- 
patible with the time course of the urinary 
excretion curve of fluorinated metabolites 
of enflurane;?! this has been put forth as a 
possible explanation for the delayed appear- 
ance of postanesthetic epileptiform activity 
in the cat.!? 


The family history of epilepsy in 1 of the 
2 reported cases of postenflurane seizures, 
and the higher mean age of these patients 
compared to our sample, suggests the possi- 
bility that for a time after enflurane anes- 
thesia there is an increased incidence of 
epileptiform activity in certain deep brain 
structures. This epileptiform activity, per- 
haps secondary to increasing brain concen- 
trations of fluorinated metabolites, might 
not be recorded by the conventional EEG 
nor be of pathologic significance in a young, 
healthy patient population. In a patient 
with an established, manifest epileptic “fo- 
cus," however, or in an otherwise normal 
individual with an occult predisposition to 
epileptiform activity from a region of brain 
with a lowered seizure threshold resulting 
from, for example, cerebrovascular disease, 
trauma, or encephalitis, this augmentation 
of epileptiform activity might result clini- 
cally in a seizure. 
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This possibility is at least suggested by 
subject 4 who, except for a minimal border- 
line abnormality in his preanesthetic EEG, 
was normal neurologically by all criteria, 
yet appeared more susceptible to the epi- 
leptogenic potential of enflurane than other 
subjects. That this individual did not sub- 
sequently develop seizure activity follow- 
ing anesthesia is consistent with the well- 
known clinical observation that there is a 
period of days to weeks after a seizure dur- 
ing which there is a decreased incidence of 
convulsive activity. In fact, it may well be 
that the population that is most at risk for 
seizure activity following enflurane anes- 
thesia are those patients predisposed to the 
epileptogenic capacity of enflurane but who 
do not develop an electrographic seizure 
under anesthesia. 


In summary, we have demonstrated sev- 
eral specific EEG changes which followed 
enflurane anesthesia and which generally 
persisted for 6 to 30 days, but at no point 
did de-novo postanesthetic epileptiform ac- 
tivity appear on the EEG of any subject. In 
addition, there was no clinical evidence of 
seizure activity following anesthesia, There 
were no consistent predictors of enflurane- 
induced seizure activity in the preanesthetic 
EEG recordings, although the one patient 
of the group with a marginal preanesthetic 
EEG abnormality manifested the largest 
number of seizures during anesthesia (but 
none subsequently). 
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VENTILATION DURING CARDIOPULMONARY BYPASS. Postoperative respiratory 
dysfunction may reflect improper management of the lungs during cardiopulmonary 
bypass (CPB). Pulmonary compliance and shunt fraction were measured before and 
after CPB in 100 calves to determine the optimal management of the lungs during bypass. 
Lung compliance returned to preoperative levels within 2 hours postoperatively when 
they had not been ventilated during CPB regardless of whether they had been exposed 
to 5 em H.O continuous positive airway pressure (CPAP) with 100 percent O,., or not. 
In contrast, compliance was reduced 2 hours postoperatively and the shunt fraction was 
greater when the lungs were managed during CPB with intermittent positive pressure 
breathing with 100 percent O» (6 breaths/min, 10 ml/kg tidal volume) with or without 
5 em HO CPAP. These findings suggest that the lungs are best managed during CPB 
by nonventilation with or without static inflation. (Stanley TH, Liu W-S, Amaral-Isern 
J et al: The influence of IPPB, CPAP, and IPPB with CPAP, during cardiopulmonary 


bypass are post-bypass and postoperative pulmonary function. 
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Interaction of Halothane and Antibiotics on 
Isometric Contractions on Rat-Heart Muscle 


YOUNG-ZIN SOHN, MD* 
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Halothane (H), kanamycin (KM), streptomycin 
(SM), and chloramphenicol (CM) had direct 
negative inotropic effects on isometric contrac- 
tions of isolated rat-heart muscles. Potassium 
penicillin-G did not show any significant 
changes in isometric contractions. 

The depression produced by these antibiotics 
was characterized by an abrupt onset, rapid pro- 
gression, and rapid complete recovery, which 


ESPITE the widespread use of antibiotics, 
their effects upon the cardiovascular 
system are not well understood or appreci- 
ated, although from time to time reports 
have appeared on the cardiovascular actions 
of commonly used antibiotics.1-5 


It has been well documented for halothane 
and less well documented for antibiotics 
that they may produce depression of various 
elements of the contractile behavior of the 
heart in vivo and in vitro.*!? As halothane 
and antibiotics are commonly used together 
in clinical practice, some personal observa- 
tions and reported untoward actions of anti- 
biotics during halothane anesthesia prompt- 
ed us to evaluate the interaction of these 
drugs on the heart. 


METHODS 


To determine the direct interaction of 
halothane and antibiotics on isometric con- 
tractions of isolated rat-heart muscle, a 
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suggests direct physicochemical rather than 
metabolic effects. On the other hand, the de- 
pression produced by H progressed slowly. 
When KM, SM, or CM were combined with H, 
there was a greater depression in isometric con- 
tractions than seen in the absence of H, sug- 
gesting that the innate characteristics of the 
antibiotics are augmented when any of them is 
administered together with halothane. 


2 x 2 factorial design was used. Technics 
for this study are essentially similar to the 
method described previously.!! Fifty-two 
experiments with 13 muscle preparations 
were performed. 


Columns of left ventricular trabeculae 
carneae cordis were prepared for isometric 
contractions. The average rat weighed 156 + 
15.78 g and the maximum muscle length 
was 4.56 + 0.71 mm (mean + SD). Changes 
in muscle length, measured with a microm- 
eter transformer, could be accurately de- 
tected to 0.01 mm. Each preparation was 
placed in an oxygenated (95% Q,, 5% 
CO;), 80-ml capacity muscle bath contain- 
ing Krebs-HCO, solution (Na: 146: K* 5: 
Ca" 4.5; Mg" 2.5; Cl- 130; HOU, 25: 
HPO,-- 1.4; SO,-- 2.5; 11.1 mM glucose), 
pH at 7.4. Temperature of bath solution 
was held constant at 34? C by thermoregu- 
lator. 


One end of the muscle was fixed and the 
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y x dp, ar) max. 


TENSION 





TIME 


Fig 1. Method of analysis of muscle twitch (solid 
line). Tpd: peak developed tension; Tr: resting 
tension; + (dp/dt) max: maximum rate of tension 
development or relaxation; TPT: time to peak 
tension; RT: relaxation time. 


other end was connected to a Statham Ten- 
sion Transducer (G 10B - 0.15 - 350) and 
its output recorded (Brush Recorder 440 
with Brush Transducer Coupler #11430704/ 
Universal Preamplifier #13421800). Each 
muscle was stimulated with 2 x 8 mm plati- 
num electrodes (placed about 1 cm apart 
parallel to the muscle) at a frequency of 
15/min by a square-wave pulse 10 percent 
above threshold and 6 msec in duration. 


After 30 minutes of isometric contractions, 
the length-tension curve of each preparation 
was determined. The muscle length was 
then held at the peak of the length-tension 
curve over the next 30 minutes for equilibra- 
tion. Then the peak developed tension 
(Tpd), resting tension (Tr), maximum rate 
of tension development (+ dp/dt max), 
and relaxation (— dp/dt max), time to peak 
tension (TPT), and relaxation time (RT) 
were measured from the twitch curve re- 
corded at paper speed of 50 mm/sec (fig 1). 


A. Halothane Study.—After control data 
were obtained, the muscles were exposed to 
0.9 vol % halothane (H) until an equili- 
bration period of at least 15 minutes was 
achieved, during which time the anesthetic 
concentration was monitored and kept con- 
stant by a gas analyzer (Beckman medical 
gas analyzer, calibrated to 2 different stand- 
ard concentrations of halothane supplied by 
the manufacturer), which was connected to 
the gas inlet just proximal to the bath. The 
twitches then were obtained at the same 
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paper speed, 50 mm/sec, and H was dis- 
continued for post-H control data. 


B. Antibiotic Study. — After control 
twitches were obtained, the antibiotic was 
added directly into the bath solution. When 
an equilibration was achieved, which took 
about 2 minutes, twitches were recorded. 
The bath solution then was drained, muscles 
were washed twice with fresh Krebs-H CO, 
solution, and the bath refilled. Studied in 
random order were 0.24 ml kanamycin ( KM 
24 mg), 0.15 ml streptomycin (SM 30 mg), 
0.18 ml chloramphenicol (CM 18 mg), and 
1.2 ml potassium penicillin-G ( PNC 120,000 
units). These strengths are about 3 times 
greater than recommended clinical doses 
and were chosen because transient cardiac 
concentrations of an antibiotic immediately 
after administration of an IV bolus could be 
much higher than steady-state clinical ther- 
apeutic concentrations of the antibiotic in 
the blood. 


C. Study of Interaction of Antibiotics and 
Halothane.—As described in the Halothane 
Study, after twitches for control and H data 
were obtained, one of the antibiotics was 
added directly to the bath solution in ran- 
dom order. As soon as the muscle was sta- 
bilized, the twitches were obtained to deter- 
mine the combined effects of H and the 
selected antibiotic. Then the bath solution 
was drained, muscles were washed twice, 
and the bath was refilled with fresh Krebs- 
HCO, solution. During this period, 0.9 vol 
907 H was continuously delivered, and when 
isometric contraction was stabilized, another 
twitch curve was recorded only under H. 
The postantibiotic halothane (H-2) twitch- 
es and preantibiotic halothane ( H-1) twitch- 
es were compared. 


Finally, H was discontinued and control 
( post-halothane and post-antibiotic ) twitch- 
es were recorded. From each isometric 
twitch (control, H-1, H-2, antibiotic, anti- 
biotic + H, and end control) the Tpd, Tr, 
+ dp/dt max, TPT, and RT were measured 
and compared. Statistical significance was 
determined by paired t-tests; p values — 0.05 
were considered significant. 


RESULTS 


KM, SM, and CM showed their charac- 
teristic direct negative inotropic effects with 
more depression if given with H (table 1). 
While the degree of depression was the most 
in KM and less in CM (PNC did not pro- 
duce depression) in the antibiotic studies, 
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Fic 2. Effects of halothane on isometric twitch. 


Depression produced by 0.9 vol ©% of halothane 
progresses slowly. 


there were no significant differences in de- 
pression between the 2 H groups (table 2). 
The response and progress of depression 
produced by H was slow (fig 2). On the 
other hand, depressions produced by KM, 
SM, and CM were abrupt in onset and pro- 
gressed rapidly, as shown in a typical ex- 
periment (fig 3). When the antibiotic was 
added directly to a bath solution being per- 
fused with H, more depression was observed 
(fig 4). This increase was statistically sig- 
nificantly greater than for H alone (table 
1). The degree of change was greater for 
KM and less for CM. 


DISCUSSION | 

Although the mechanisms and site of 
action of halothane on heart muscle are still 
not completely understood, it is believed 
that changes in Ca uptake and Ca-stimu- 
lated ATPase activity play important roles. 
Naylor!? stated that Ca is essentially in- 
volved in inotropic cardiac action. Others!?.! * 
have shown that halothane depresses Ca up- 
take and Ca-stimulated ATPase activity in 
parallel. 


Recently, Price!? demonstrated that Ca 
reverses the myocardial depression caused 
by halothane and suggested that the depres- 
sion of myocardial contractility produced 
by clinically useful concentrations of halo- 
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Fig 4. Combined effects of halothane and kana- 
mycin, streptomycin, chloramphenicol, and penici- 
lin on isometric twitch. Kanamycin, streptomycin, 
and chloramphenicol enhance the depression pro- 
duced by halothane alone and each shows innate 
characteristics of immediate abrupt onset and rapid 
progression. 


thane is not of metabolic origin, and that it 
reflects an ability of halothane either to 
restrict the availability of Ca to contractile 
proteins or to inhibit the reaction between 
Ca and these proteins. On the other hand, 
Ko and Paradise!" proposed a metabolic ex- 
planation for the myocardial depression pro- 
duced by halothane. The time course of de- 
pression in our study with halothane was 
slow and the results could be explained on 
a physicochemical and/or metabolic basis, 
differing from our results with antibiotics. 
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Fig 3. Effects of kanamycin, streptomycin, chloramphenicol, and penicillin on isometric twitch. Depres- 
sions produced by 24 mg kanamycin and 30 mg streptomycin are abrupt in onset and progress rapidly. 
But 120,000 units potassium penicillin-G and 18 mg chloramphenicol do not show any significant changes 
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In antibiotic studies, Cohen and associ- 
ates? demonstrated depression of cardiac 
function by antimicrobial agents in in-vivo 
and in-vitro studies, finding a dose-depen- 
dent depression of cardiovascular function 
and decreased myocardial contractility with- 
in seconds after administration. These find- 
ings are similar to our in-vitro antibiotic 
results, 


Swain’s group!’ demonstrated that chloro- 
mycetin, streptomycin, and dihydrostrepto- 
mycin have similar depressant effects on 
contractility, largely reversible by Ca. It is 
well known that these antibiotics exert their 
action upon bacteria by affecting either the 
cell wall (e.g. penicillin), cell membrane 
(e.g. streptomycin, kanamycin), protein 
synthesis (e.g. kanamycin, streptomycin, 
chloromycetin), nucleic acid metabolism 
(e.g. griseofulvin), or intermediary metabo- 
lism (e.g. sulfonamides) .'? The immediate, 
abrupt depression produced by antibiotics 
takes place well before any significant effect 
upon protein synthesis or intermediary me- 
tabolism could be manifest and suggests a 
physicochemical mechanism rather than a 
metabolic effect. This time course is in con- 
trast to that we observed with halothane. 


In our study, streptomycin and kanamy- 
cin, which are known to affect the cell mem- 
brane of microorganisms, had the greatest 
negative inotropic action. These results may 
suggest a mechanism for the effect of kana- 
mycin and streptomycin on the myocardial- 
cell membrane (sacrolemma) as it does at 
bacterial-cell membrane. The sarcolemma is 
directly connected to sarcoplasmic reticu- 
lum, known to be responsible for transfer 
of the extracellular Ca to intracellular con- 
tractile proteins (actin and myosin); thus 
they inhibit Ca uptake and depress Ca-stim- 
ulated ATPase activity. 


Another possible effect of antibiotics, par- 
ticularly potassium penicillin-G, could be on 
K' transport. Moore and Pressman!^ and 
Lardy'!? reported that certain antibiotics are 
known to influence ion transport in vitro 
and may exhibit a selective action on K’, 
while Harris and coworkers?" and Hegan's 
group?! observed that the net movement of 
K' in the myocardium was closely related 
to the onset of ventricular arrhythmias. An 
acute rise in extracellular K' by the rapid 
administration of a sufficient amount of this 
ion would tend to decrease the resting po- 
tential and accordingly render the myocar- 
dial cells unexcitable.? This is because of 
a change in the resting membrane potential 
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due to changes in the ratio of intracellular 
to extracellular K^ rather than an effect on 
the cell membrane itself. In our studies with 
120,000 units of potassium penicillin-G, 
which contains about 0.2 mEq K’, there 
were no significant changes in isometric con- 
tractions, probably because there’ were in- 
sufficient amounts of extracellular K^ to 
change the resting potential. This finding 
clearly shows that the dose of potassium 
penicillin-G we used did not directly affect 
the cell membrane and did not change extra- 
cellular K* concentration enough to change 
resting potential. 


Of great interest is the observation that 
in the presence of halothane-induced depres- 
sion, antibiotics exerted their own charac- 
teristic depression and enhanced the depres- 
sion produced by halothane alone on iso- 
metric contractions of isolated rat-heart 
muscle (table 1, fig 4). 


CONCLUSIONS 


In summary, it would be reasonable to 
suggest an effect on ion transport as one 
of the possible mechanisms for depression of 
cardiac contractility caused by halothane 
and antibiotics. 


Although the dose of antibiotics used in 
this study was large and our results do not 
parallel precisely the clinical administration 
of these agents, our results can be clinically 
significant because bolus injection can pro- 
duce a myocardial concentration greater 
than that achieved during a steady state, 
and we believe that the effects of antibiotics 
on the heart are not all-or-none responses, 
but may be dose-dependent. In a given pa- 
tient with an already depressed myocardi- 
um, the combined effects of halothane and 
an antibiotic could well be clinically signifi- 
cant. 
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DOBUTAMINE. The circulatory effects of dobutamine were studied in 18 adult patients 


undergoing cardiac catheterization for suspected coronary artery 


disease or acquired 


valvular heart disease. Dobutamine 8 &g/kg/min increased mean arterial pressure (25 


percent), cardiae output (52 percent) 


and myocardial contractility (dp/dt increased 
128 percent) while only slightly increasing heart rate (10 percent). 


There were no 


ventricular dysrhythmias. Coronary blood flow increased 137 percent in 3 patients with 
normal coronary arteries while flow increased only 24 percent in 3 patients with 3-vessel 
disease. In addition, flow became more heterogenous in the latter patients. The limited 
increase in flow with severe coronary artery disease combined with positive inotropic 


effect of dobutamine may be undesirable in patients with 
myocardial contractility without tachyeardia is 


sclerosis. In contrast, an increase in 


extensive coronary athero- 


desirable when myocardial depression is not associated with extensive coronary artery 
disease. (Meyer SL, Curry GC, Donsky MS et al: Influence of dobutamine on hemo- 
dynamics and coronary blood flow in patients with and without coronary artery disease. 


Am J Cardiol 38 2103-108, 1976) 
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Fffect of Halothane on Systolic Time Intervals 


JAN D. HASBROUCK, MD* 
CATHERINE C. COLEMAN, BST 


By simultaneous rapid-strip recordings of the 
electrocardiogram, phonocardiogram, and caro- 
tid pulse wave, systolic time intervals (STD 
can be calculated and used to assess cardiac 
activity during general anesthesia. The princi- 
pal advantage of this methodology over more 
conventional technics of determining anesthetic 
effects on the heart is that it is noninvasive. 


S YSTOLIC time intervals (STI), as meas- 
ured from rapid-strip, simultaneous re- 
cordings of the electrocardiogram (ECG), 
phonocardiogram (PCG), and carotid pulse, 
can yield valuable information regarding 
cardiac function. Widely used by cardiolo- 
gists as a tool to assess myocardial perform- 
ance, the measure of STI during general an- 
esthesia is a relatively new application. 
While the accuracy of the methodology is 
not as great as more conventional measure- 
ments of cardiac activity, it has the advan- 
tages of being noninvasive, relatively easy, 
reproducible, and clinically applicable. 


The purpose of this paper is to report 
the effect of halothane on STI and correlate 
these findings with those of investigators 
using direct invasive technics. Though the 
effect of halothane on myocardial mechanics 
is well documented, a noninvasive approach 
in the intact subject offers significant advan- 
tages for future investigation. 


METHODS AND MATERIALS 


Seventy-three ASA class I surgical pa- 
tients undergoing minor peripheral proce- 
dures were selected for study and informed 
consent obtained. Each patient served as 


One anesthetic agent, halothane, was chosen to 
illustrate the usefulness of the technic. Results 
obtained by using STI supported the well-docu- 
mented effect of myocardial depression pro- 
duced by halothane. Because the equipment and 
technic are relatively simple, this procedure has 
definite clinical applications. 


his own control. Measurements were made 
prior to induction and then at inspired con- 
centrations of halothane from 0.25 to 2.5 
percent. Higher concentrations of halothane, 
greater than 1.5 percent inspired, could not 
be maintained sufficiently long, as blood 
pressure was significantly depressed. Meas- 
urements were obtained at these levels, but 
the concentrations were quickly reduced to 
avoid potentially hazardous cardiac effects. 


Ventilatory parameters, including end- 
tidal Pco, and end-tidal halothane, were 
continuously measured, using mass-spec- 
trometry (Medspect I, Scientific Research 
Instruments Corporation). Ventilation was 
assisted only when the end-tidal CO, rose 
above 40 torr. Intubation was not required 
in any of the patients studied, but assisted 
ventilation usually was necessary when the 
inspired concentrations of halothane ap- 
proached 1 percent. Steady states of halo- 
thane were determined as present when the 
end-tidal concentrations were + 5 torr for 
10 minutes prior to measurements. Again, 
at the very high levels of halothane, which 
were only briefly obtained, no steady state 
could be achieved, as the myocardial depres- 
sion could be hazardous to the patient’s wel- 
fare. 
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Recordings were made on a 4-channel re- 
corder (Series 880 Hewlett-Packard) using 
a precordial microphone (Model 21051D 
Hewlett-Packard) for the PCG, an air- 
coupled funnel pickup (Model 21051A Hew- 
lett-Packard) for the carotid pulse, and 
a standard ECG preamplifier (Model 8811D 
Hewlett-Packard) for ECG recording. All 
measurements were made at a paper speed 
of 100 mm/sec during the expiratory phase 
of the respiratory cycle. The average of 10 
heart beats was used for calculations. 


CALCULATIONS 


Total electromechanical systole (Q-S,) 
was measured from the trough of the Q 
wave on the ECG to the first high-frequency 
component of the 2nd heart sound. Left 
ventricular ejection time (LVET) was de- 
termined from the beginning of the upward 
slope of the carotid pulse wave to the trough 
of the incisural notch, indicative of aortic- 
valve closure. The subtraction of LVET 
from Q-S, gives a value for the preejection 
period (PEP). 


Normal values for Q-S., LVET, and 
PEP were derived from the regression equa- 
tions of Weissler and associates.! One addi- 
tional computation, the reciprocal of PEP 

1 


squared, (Pip) ?, was made, as this value 


has been shown to be positively correlated 
with peak ascending arotic blood flow accel- 
eration.? True isovolumic contraction time 
(ICT), that interval from the Ist heart 
sound (S,) to onset of carotid pulse rise, 
was calculated, but is not included in this 
report except as an unspecified subinterval 
of PEP. As shown by other workers, con- 
sideration of the ICT does not add useful 
information beyond what has been gained 
by considering PEP alone. ICT has been 
shown to be directly and positively corre- 
lated with PEP.3 


RESULTS 


There was a positive linear correlation 
between prolongation of PEP and increas- 
ing concentrations of halothane ( p<0.05). 
With the highest concentration of halothane, 
2.5 percent, PEP was correspondingly the 
longest. The data showing PEP versus halo- 
thane concentration are illustrated in figure 
1. The square of the reciprocal of PEP, 
( sup ) ^, progressively decreased as a 
function of increasing end-tidal halothane. 
Using this value as a rough estimate of “con- 
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Fig.t. Prolongation of PEP produced by Halothane 


Fig 1. Prolongation of PEP with increasing con- 
centrations of halothane. 
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Fig. 2. Decrease in (PEP)? with increasing Halothane 
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Fic 2. Depression of (sg) ^, an estimation of 


myocardial contractility, with increasing concentra- 
tions of halothane. 


tractility," the decline in this value is what 
might reasonably be expected with halo- 
thane. This change is illustrated in figure 2. 


The changes in Q-S, and LVET showed 
no consistent pattern. If Q-S, was increased, 
LVET remained approximately the same, 
thus providing a longer PEP. If Q-S, de- 
creased, LVET would also decrease, again 
prolonging PEP. 


DISCUSSION 


The effect of halothane on STI is a pro- 
longation of PEP. This would be expected 
if the anesthetic depressed ventricular per- 
formance, as has been previously document- 
ed with invasive technics.*^ It should be 
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emphasized that while the numbers obtained 
are absolute, their value is only relative. 
However, with an increase in computational 
ability and electronic assistance, improve- 
ment in measuring events during cardiac 
systole can be achieved. 


In an attempt to give more weight to our 
studies, we have attempted to hold certain 
things constant to decrease the number of 
variables impinging on a single observation. 
We held the Paco, within a fairly narrow 
range to minimize the effect of CO, on the 
inotropic state of myocardium, and end-tidal 
halothane concentrations were held reason- 
ably steady for 10 minutes prior to measure- 
ment, except at those concentrations above 
1.5 percent. The only agent used during the 
study period was halothane in O, adminis- 
tered by mask. 


However, there are many things other 
than halothane concentration which can in- 
fluence STI. Mean aortic pressure, or after- 
load, is the most significant to these vari- 
ables, as it directly affects LVET.® A sud- 
den rise in blood pressure will serve to de- 
crease ventricular emptying for a given con- 
tractile state, thereby shortening LVET. 
Excitement or stimulation sufficient to in- 
crease sympathetic activity and elevate the 
blood pressure will change STI values mark- 
edly. Moreover, the peripheral effects of 
halothane serve to decrease afterload by 
causing a decrease in peripheral vascular 
resistance.’ The significance of prolonged 
PEP in the face of a decreasing afterload 
is to suggest that there is depression of ven- 
tricular performance. Other investigators 
have previously determined that the ven- 
tricular contractile state is decreased with 
halothane;? this study supports such obser- 
vations. 


We used each patient as his own control 
and calculated the expected PEP without 
any correction for blood pressure. Mean 
blood pressure was recorded each time STI 
was measured. Analysis of data obtained 
revealed no consistent relationship between 
blood pressure and STI during halothane 
anesthesia. 


Clinical applications of this study are 
several. Being a noninvasive bedside tech- 
nic, it can be used to evaluate in a semi- 
quantitative way the adequacy of cardiac 
function preoperatively. It is better than 
standard heart rate, blood pressure, chest 
x-ray, and ECG; not as good as cardiac 
catheterization. As a way of tracking car- 


diac function in the operating room, it is 
relatively simple; interfaced with a mini- 
computer, it could be used as a clinical 
tool. As a research method, its simplicity 
and safety make it an elegant way of evalu- 
ating the effects of many pharmacologic 
agents in the intact subject. 
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Guest Discussion 


JOHN A. REITAN, MD 
Department of Anesthesiology 
University of California School of Medicine 
Davis, California 


In recent years, there has been a quest 
for some relatively noninvasive method of 
measuring myocardial performance during 
anesthesia. The work of Dr. Hasbrouck 


points to direct ventricular depression by 
halothane in surgical patients monitored by 


noninvasive means, confirming previous work 
by Rusy and associates! in canine experi- 
ments, that halothane caused a dose-depen- 
dent decrease in the acceleration of blood 
out of the left ventricle. A fall occurred in 
aortic blood acceleration as end-tidal halo- 


thane concentration increased. 


Rusy's dogs were instrumented by major 
surgery. Ín contrast, Dr. Hasbrouck's pa- 


tients were monitored without breaking the 
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skin. While maximum aortic blood accelera- 
tion is considered an excellent measure of 
changes in the inotropic state of the heart, 
in Dr. Hasbrouck’s paper, noninvasive vari- 
ables offered similar information on halo- 
thane effects. 


I believe that, in the search for a cardiac 
monitoring index, systolic time intervals 
will become available, commercially pro- 
cessed, for operating-room monitoring with- 
in our generation. The use of a small com- 
puter utilizing the ECG, heart sounds, and 
pulse wave has already been shown feasible 
by Blackburn’s group,? who reported on the 
effects of hypotension and valsalva maneu- 
vers in surgical patients. They demonstrated 
the beat-to-beat changes in PEP and !/ PEP? 
from a small analog device. In our own 
laboratories, we are putting together a sec- 
ond-generation until based on Dr. Black- 
burn’s primary design for use in patient 
monitoring. 


A few words should be added about the 
dependence of PEP on heart loading. Fig- 
ure 1 shows a comparison between PEP and 
mean arterial pressure in healthy voung 
women undergoing therapeutic abortions. 
There is a correlation between the 2 vari- 
ables with a coefficient of 0.6, which relates 
a significant interdependence between them. 
This afterload variability in PEP has been 
demonstrated by many other investigators 
in both man and lower animals. Certainly 
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Fic 1. Scattergram demonstrating relationship 
between PEP and mean arterial blood pressure, 
both denoted as percent of 100 percent control 
values. The dashed line expresses the regression 
equation based on the data points. The correlation 
coefficient in 0.6. 


Fig 2. Line A is the unfiltered esophageal phono- 
cardiogram, with significant motion artifacts. Line 
B is the same signal high-pass filtered at 100 Hz. 
Arrows identify 2nd heart sound. 


systolic time intervals are not a perfect 
monitoring index. They are dependent on 
afterload, as seen in figure 1, and even more 
so on preload or the volume of blood in the 
ventricle before ejection. Yet they accurate- 
ly follow changes in ventricular perform- 
ance, which is important to assess during 
anesthesia. Anesthetic overdosage, cardiac 
hypoxia from numerous causes, pharmaco- 
logic depression and mechanical obstruction 
-—all resulting in myocardial pump failure 
~~can be foretold by systolic time intervals. 


For those of you interested in measuring 
PEP, I suggest using a 3-or-more-channel 
chart recorder with a good pen frequency 
response to about 50 Hz. Paper speed of 
100 mm/sec gives resolution of + 2.5 msec, 
which is adequate for most work. A standard 
lead II ECG, precordial or esophageal mi- 
crophone, with a frequency response to 
about 400 Hz, and a peripheral pulse wave 
form from any of several Sites, is necessary. 
Numerous commercial microphones are 
available for transducing heart sounds, but 
since the high-frequency components of the 
2nd sound are needed, high-pass filtering is 
helpful. 


The top trace in figure 2 is the somewhat 
muddied output from an esophageal micro- 
phone with a large low-frequency move- 
ment artifact superimposed on the heart 
sounds. By filtering out the signals below 
100 Hz and thereby recording only the fre- 
quencies above 100 Hz, the bottom trace is 
obtained from the original heart sounds. 
Now a distinct 2nd heart sound is obvious. 


The peripheral arterial wave form is com- 
monly recorded by means of an air-filled 
funnel placed over the carotid artery and 
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attached to a pressure transducer. Fluctua- 
tions of the arterial pulse are picked up 
transcutaneously and recorded as a pressure 
pulse on paper. A sharp dicrotic notch is 
necessary for distinctly noting the end of 
left ventricular ejection. Perseverance in 
practice will help procure readable wave 
forms on most occasions. Unfortunately, 
halothane has a tendency to “slur” the 
notch and reduce the accuracy of the ejec- 
tion-time measurement. Newer noninvasive 
arterial-motion transducers are on the mar- 
ket that allow for rigid placement and free 
the hands of the investigator. As systolic 
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time intervals gain in popularity as a moni- 


toring technic, more devices will appear 


with significant improvements from what we 
use now. It will be interesting to see what 
the future brings. 
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PROPRANOLOL AND RESPONSE TO CO.. DL-propranolol 80 mg orally significantly 
reduced the ventilatory response to CO, in 6 healthy volunteers. If airway resistance 
were increased by beta-blockade it is conceivable that this might result in a decrease 
in ventilation which might give the false impression of an altered responsiveness to 


CO.. However, in this study FEV or dP/dt 


effect. The dP/dt,,. reflects initial respira 


significant gas flow. Therefore, it mirrors output from the respiratory center and may 


did not change, thus ruling out an airway 


tory muscle contraction and occurs before 


be a more accurate index of the drive to breath than measurements of ventilation alone. 
The most likely explanation for these observations is a central action of propranolol. 
D-propranolol, a drug devoid of beta-blocking activity but with membrane effects, did 
not influence the ventilatory response to CO». These results suggest that propranolol 
should be used with caution in patients at risk from respiratory depression, paricularly 
during sleep. (Mustchin CP, Gribbin HR, Tattersfield AE et al: Reduced respiratory 
responses to carbon dioxide: A central action? Br Med J 2:1229-1231, 1976) 
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Selection of the Source of Mixed Venous Blood 
Samples in Severely Traumatized Patients 


SHRIKUMAR S. DONGRE, MD* 
T. CRAWFORD McASLAN, MD1 


BAEKHYO 


The technic of balloon flotation catheterization 
represents a significant advance in providing 
an additional aid to diagnosis, clinical assess- 
ment, and management of the critically ill. The 
fact that such patients are admitted to an in- 
tensive care unit (ICU) invariably presumes 
that their management will include close and 
accurate monitoring of the cardiovascular and 
respiratory systems, In a prospective study 


N THE management of the critically ill, 
the acceptance, albeit slow, of the prac- 
tice of monitoring arterial O, tensions (Paoa) 
has permitted the early recognition of hy- 
poxia. That an increased alveolar-to-arterial 
O, tension difference (A-aDo,) may result 
from causes other than an intrapulmonary 
shunt is still not widely appreciated, result- 
ing in a reluctance to monitor mixed venous 
O, content (Cvo.). 


The development of the technic of cardiac 
catheterization following the initial 1905 ex- 
periments of Bleichroeder, as reported by 
Benatt,! and by Forssman? in 1923, allowed 
Cournand and Ranges,? using ureteric cath- 
eters, to develop a method of estimating 
cardiac output by applying the Fick prin- 
ciple. The synthesis and production of poly- 
ethylene tubing in 1935 permitted the exten- 
sion of the technics of cardiac catheteriza- 
tion by 1949 to the clinical laboratory* and 
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land. 
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of 51 patients, not in clinical shock, in an ICU, 
the authors demonstrated that superior vena 
cava samples are not a reliable index of mixed 
venous blood saturation in the critically injured 
patient, and that a pulmonary arterial catheter 
is essential for obtaining true mixed venous 
samples for valid estimations of intrapulmo- 
nary shunts and arteriovenous O. content dif- 
ferences, 


operating room,? in the latter case facilitat- 
ing the monitoring of central venous pres- 
sure (CVP) and gas tensions during the an- 
esthetic and postsurgical management of 
cardiac and thoracic patients.“ Samples of 
venous blood obtained from the superior 
vena cava (SVC) were considered to be 
close reflections of mixed venous blood and 


were used to calculate intrapulmonary shunt - m 


(Qs/Qt), a method proposed by Berggren’? 
in 1942, and in following cardiac output 
using the Fick principle. 


The commercial introduction of the long 
"intracath" percutaneous IV placement 
units in the early 1960s resulted in the ready 
acceptance and extension of the use of cen- 
tral venous catheters to the general surgical 
operating room? and to the management of 
critically ill patients.?!! In 1953, Lategola 
and Rahn!” described a self-guiding catheter 
for cardiac and pulmonary catheterization. 
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The introduction of the Swan-Ganz (S-G) 
catheter in 1970!? permitted bedside balloon 
flotation catheterization of the pulmonary 
artery (PA) and enabled true mixed venous 
blood samples to be obtained. 


We have observed, however, that values 
obtained in Qs/Qt calculations and in car- 
diac output determinations, using the Fick 
principle, varied significantly and inconsis- 
tently, depending on whether the SVC or 
PA was selected as the source of blood for 
the derivation of CvVo,. 


A study was therefore undertaken of pa- 
tients being managed in the 12-bed Critical 
Care Unit of the Maryland Institute for 
Emergency Medicine to determine, using 
as a standard mixed venous blood from the 
PA: (1) the validity of estimations of intra- 
pulmonary shunt fractions and arteriove- 
nous O, content differences (a-VDo.) when 
venous samples were obtained from the SVC 
and (2) whether values so obtained were 
sufficiently consistent to enable them to be 
used for tracking patients. 


METHODS 


Fifty-one patients who had been admitted 
to the Institute immediately following major 
trauma were studied. All had been resusci- 
tated and had undergone any necessary sur- 
gical correction of their injuries. None of the 
patients was clinically in shock during the 
period of study. All patients had an endo- 


tracheal or tracheostomy tube in place and. 


were being mechanically ventilated on a 
constant volume ventilator (Engstróm 300). 
Indwelling femoral, CV, and PA catheters 
had been placed on admission in every pa- 
tient. The CV catheters were positioned in 
the lower end of the SVC, as confirmed by 
x-ray. 'The position of the SG catheters was 
verified both by the wave form displayed 
continuously and by x-ray. 


Inspired and end-tidal respiratory gases 
were automatically sampled (RICS, Scien- 
tific Research Instruments), their fractional 
concentrations measured by a mass spec- 
trometer (MEDSPECT, Scientific Research 
Instruments) and the resultant values re- 
corded on a printout. Barometric pressure 
and ambient temperature were recorded and 
the tension of the alveolar gases calculated 
from the fractional concentrations of the 
dry gases. 


Venous admixture studies were carried 
out using the concentrations of inhaled O, 
being used in the management of the pa- 
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tient.!^ Samples for blood-gas analysis were 
drawn simultaneously over a 1-minute peri- 
od from the femoral artery, SVC, and PA, 
and placed in ice. Determinations for Po», 
pH, and Pco, were made immediatelv in 
duplicate at 37° C with an Instrumentation 
Laboratories pH gas analyzer. Oxygen satu- 
rations (So,95) were derived making appro- 
priate correction for temperature and pH. 
Oxygen content was calculated using the 
formula [e Po, + (So, x Hb x 1.39)] 
where « is the solubility coefficient of blood 
(0.003). The intrapulmonary shunt was cal- 
culated from the shunt equation: 


Qs Ce'O, — Cao, 


Qt Cc'O, — Cvo, 

One hundred seventy-one determinations 
were carried out in the 51 patients. In 23 
patients, 58 changes were observed by ob- 
taining samples at approximately 6-hourly 
intervals. 


RESULTS 


Directly Determined Po., pH, and Pco, 
Values (fig 1).—Comparing the groups of 
paired data, the Pcvo, was significantly 
greater than the Pvo. (p<0.05). With pH 
and Pco,, the correlation was good, 


pH: t = 641 (p<0.05), cv = (PA x 
0.93) + 0.53] + 0.06, r = 0.95, 


Pco,: t = 194 (p>0.05), cv = [(PA X 
0.85) + 5.97] + 9.13, r = 0.87. 
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Fic 1. Comparison of 171 determinations of 


blood Po, obtained simultaneously from the superior 
vena cava (Pvo,) and the pulmonary artery (PV02). 
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point resulted from the CVP catheter sam- 
pling from the coronary sinus. 


209 
Changes in Intrapulmonary Venous Ad- 
id mixture.—In 23 patients, 58 changes in 
Qs/Qt determined from samples of blood 
d adis i from the PA were compared with deter- 
f mined changes in Qs/Qt from simultaneously 
ae i obtained samples from the SVC. The cor- 
M "dm relation between AQs/Qt cv and AQs/Qt was 
= a . poor (r = 0.75) and the 95 percent toler- 
tus ance limits of + 0.14 exceeded clinically 
z 0s MÁS useful limits. 
dls os Demy o AQs/Qt: t = 0.26 (p>0.05), cv = [(PA 
SY. x 0.73) + 0.002] + 0.14, r = 0.75. 
0.2 su. ^ aic SES íp«5.051 
Co one eee oats From the tracking studies, 3 patterns 
" ihe emerged; examples of each are presented in 
| | figure 4. In the top and middle charts rela- 
tionships were consistent in both patients 
Or 02 03 04 05 06 07 08 but in opposite directions, while for the pa- 
Js USING PA FOR Cz 
Q 92 
Fie 2. Comparison of intrapulmonary shunt values 15 


(Qs/Qt) calculated from simultaneously obtained 
samples from the superior vena cava (CV) and the 
pulmonary artery (PA). 13 


Intrapulmonary Venous Admixture (fig Á 
2).—The relationships in 171 determina- 
tions are expressed as a percent fraction of 
the total cardiac output (Qs/@t). While the 
correlation was good (r = 0.91) there was : 
a significant difference (p<0.05). The re- 
sults were further analyzed in 3 groups, 
based on the degree of shunt calculated from 
the true mixed venous blood (table). It is 
apparent that as the degree of intrapulmo- 
nary shunt increased, the tolerance limits or 200 EU HPAXO BIOS i26 
increased. A 


Yao 


Do, using cv for C 


a-¥ 


U a ya 65*i?i, t 5121 (p»O.OS) 
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— 


Arteriovenous O, Content Difference (fig 
3).— here was no significant difference; E GS EOS GS. Ae Yo 0 09 407 
however, the poor correlation and wide tol- a-VDo, using PA for Cv, 
ee iet did us cm us data s Fic 3. Calculated a-vDo, values derived from 
used interc ngea y m a culating PATAC superior vena cava (CV) and pulmonary artery 
output by the Fick principle. The isolated (PA) samples. 


TABLE 
Degree of Shunt Calculated from True Mixed Venous Blood 


BOARTET AAAA AO AAAA 








Qs/Qt % using PA n t P Qs/Qt % using SVC r 

«0.2 71 1.76 20.056 [(PA x 0.49) + 0.07] + 0.07 0.71 
0.2-0.4 79 3.34 <0.05 [(PA x 0.57) + 0.14] + 0.08 0.64 
>0.4 21 4.70 <0.05 [(PA x 0.78) + 0.18] + 0.19 0.73 
All shunts 171 3.29 «0.056 — [(PA x 1.06) + 0.001] + 0.12 0.91 
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Fic 4. Tracking Qs/Qt and a-VDo, comparing values calculated from simultaneously obtained 
samples from superior vena cava (CV) and pulmonary artery (PA) in 3 patients. 


tient in the bottom flow charts, the relation- 
ships changed from day to day. 


DISCUSSION 


The monitoring and tracking of respira- 
tory and cardiac function forms an integral 
part of the management of critically injured 
patients. Delay in identifying early changes 
and establishing their significance to allow 
early application of appropriate therapy 


may drastically alter prognosis. In the past, 
the CVP has proven a useful clinical ad- 
junct. It is now accepted that the pulmo- 
nary wedge pressure offers a more sensitive 
and more consistently successful index of 
changes in the critically ill patient. Like- 
wise, the CVP line, assuming its position 
had been confirmed to lie in the lower end 
of SVC, has offered a source of venous blood 
to allow the estimation of Qs/Qt and the 
monitoring of a-VDo, as a means of tracking 
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the ability of cardiac output to meet O. de- 
mand.*.? Despite the accepted superiority of 
the PA catheter as a monitor and as an un- 
questioned source for obtaining true mixed 
venous blood samples, major centers have 
been accused of being unrealistic in pressing 
for the sübstitution of pulmonary artery for 
CV catheters. The present study was di- 
rected toward establishing if, indeed, blood 
from the SVC could be used as an alterna- 
tive to that obtained from the PA: (1) asa 
practical, realistic indication of Qs/Qt; and 
(2) as a means of following changes in 
Qs/Qt and a-VDo, as a guide to therapy. 


We elected to measure Po., pH, and 
Pco, directly, to derive So,97 correcting for 
pH and temperature, and to calculate O, 
content, since this is the standard method 
-in use in the great majority of clinical lab- 
oratories. | 


Studies of healthy ambulatory subjects 
have shown that O, saturation of the PA 
blood samples was statistically higher than 
of the SVC blood!5 (mean So.%, PA = 
78.4% + 2.6, CVP = 76.8% + 5.2). A re- 
port of 28 patients without intracardiac 
shunts being studied in a cardiac catheter- 
ization laboratory!9 found So,97 in the PA 
lower than those in the SVC (mean 50.95, 
PA = 64.9%, SVC = 66.2%). In a study 
of severely ill cardiac patients, Scheinman’s 
group!’ reported the SVC blood accurately 
reflected the PA blood only when the pa- 
tient was not in shock or heart failure. 


Smith and coworkers,!* reporting on 24 
critically ill surgical patients, concluded 
that in the absence of significant pulmonary 
insufficiency, the SVC blood could be used 
as a substitute for the PA blood but that 
true mixed venous blood was necessary to 
accurately follow changes in the presence 
of significant pulmonary insufficiency. Re- 
ports by Horovitz and coworkers!? on 13 
iraumatized patients not in shock and 
Harrison and associates?" on 15 surgical pa- 
tients concluded that SVC blood led to con- 
sistent overestimation of Qs/Qt when com- 
pared with PA blood. 


We have been unable to establish either 
a predictable or close relationship between 
O., content of venous blood obtained from 
the SVC when compared with that of true 
mixed venous blood obtained from the PA. 
When used to calculate intrapulmonary 
shunt in the presence of significant pulmo- 
nary insufficiency, blood from the SVC led 
to large errors. Similarly when SVC blood 


® 
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was used in the calculation of a-VDo. for 
the estimation of cardiac output by applying 
the Fick principle, errors in excess of 30 
percent were frequently encountered. 





REFERENCES 


i. Benatt AJ: Cardiac catheterization. Lancet 
1:746-747, 1949 


2. Forssman W: Die Sondierung des rechten 
Herzens. Klin Wochenschr 8:2085-2087, 1929 


3. Cournand A, Ranges HA: Catheterization of 
the right auricle in man. Proc Soc Exp Biol Med 
46:462-406, 1941 


4. Bing RJ: Physiologic methods in the diag- 
nosis of congenital heart disease. Surg Gynecol 
Obstet 88:399-401, 1949 


5. Beard J: Cardiac catheterization. Anaes- 
thesia 5:136-142, 1950 


6. Boyd AD, Tremblay RE, Spencer FC, et al: 
Estimation of cardiac output soon after intra- 
cardiac surgery with cardiopulmonary bypass. Ann 
Surg 150:613-625, 1959 


7. Berggren SM: The oxygen deficit of arterial 
blood caused by nonventilating parts of the lung. 
Acta Physiol Scand Suppl 11:1-92, 1942 


8. Theye RA, Tuohy GF: The value of venous 
oxygen levels during general anesthesia. Anesthesi- 
ology 26:49-54, 1965 


9. Valentine PA, Fluck DC, Mounsey JPD, et 
al: Blood gas changes after acute myocardial infarc- 
tion. Lancet 2:837-841, 1966 


10. Goldman RH, Klughaupt M, Metcalf T, et 
al: Measurement of central venous oxygen satura- 
tion in patients with myocardial infarction. Circula- 
tion 38:941-946, 1968 


11. Wilson RF, Kafi A, Asuncion Z, et al: Clin- 
ical respiratory failure after shock or trauma. Arch 
Surg 98:539-550, 1969 


12. Lategola M, Rahn H: Self guiding catheter 
for cardiac and pulmonary arterial catheterization 
and occlusion. Proc Soc Exp Biol Med 84: 667-668, 
1953 


13. Swan HJC, Ganz W, Forrester J , et al: 
Catheterization of the heart in man with use of a 
flow-directed balloon-tipped catheter. N Engl J Med 
283: 447-451, 1970 l 


14. McAslan TC, Matjasko-Chui J, Turney S, et 
al: Influence of inhalation of 100% oxygen on 
intrapulmonary shunt in severely traumatized pa- 
tients. J Trauma 13:811-820, 1973 


15. Barratt-Boyes BG, Wood EH: The oxygen 
saturation of blood in the venae cavae, right-heart 
chambers and pulmonary vessels of healthy subjects. 
J Lab Clin Med 50:93.106, 1957 


16. Goldman RH, Branif B, Harrison DC, et al: 
Use of central venous oxygen saturation measure- 


E 
932 


ments in a coronary care unit. Ann Intern Med 
68:1280-1287, 1968 


17. Scheinman MM, Brown MA, Rapaport E: 
Critical assessment of use of central venous oxygen 
saturation as a mirror of mixed venous oxygen in 
severely ill cardiac patients. Circulation 40:165-172, 
1969 


18. Smith DE, Virgilio RW, Trible C, et al: 
Comparison of venous sampling sites for intra- 


ANESTHESIA AND ANALGESIA... Current Researches VoL. 56, No. 4, JuLY-AucusT, 1977 


pulmonary shunt determinations in the critically 
ill patient. J Surg Res 14:319-330, 1973 


19. Horovitz JH, Carrico CJ, Shires GT: Venous 
sampling sites for pulmonary shunt determinations 
in the injured patient. J Trauma 11:911-914, 1971 


20. Harrison RA, Davidson R, Shapiro BA, et al: 
Reassessment of the assumed A-V oxygen content 
difference in the shunt calculation. Anesth Analg 
54:198-202, 1975 


NITROPRUSSIDE VS NITROGLYCERIN. The effects of nitroglycerin (TNG) and 
nitroprusside (NP) on myocardial performance and electrocardiographie ischemic injury 
were determined in 10 patients following acute myocardial infarction. Intravenous NP 
(95 ug/min) or sublingual TNT (0.48 ug) produced similar reductions in mean arterial 


* 


pressure (about 20 torr) and in pulmonary capillary wedge pressure (about 7 torr) while 
heart rate increased about 10 beats/min. Despite similar hemodynamic changes ST 
segments were elevated during NP infusion but decreased during TNG. This difference 
may reflect more favorable redistribution of myocardial blood fow by TNG. In further 
studies in dogs the authors demonstrated that TNG increased while NP decreased trans- 
mural blood flow to ischemic sites. The data suggest that TNT, by dilating large myo- 
cardial conductance vessels with minimal effects on resistance vessels, favorably increases 
and redistributes myocardial blood flow. In contrast, NP may dilate resistance vessels 
in the nonischemie myocardium so that flow is shunted away from the ischemic sites 
("coronary steal"). TNG may be preferable to NP for reducing preload and afterload 


following acute myocardial infarction. 


Comparison between the effects of nitroprus 


(Chiariello M, Gold HK, Leinbach RC et al: 
side and nitroglycerin on ischemic injury 


during acute myocardial infarction. Circulation 54:766-778, 1 976) 
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Suspected Sodium Nitroprusside-Induced Cyanide Intoxication 
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Sodium nitroprusside-induced cyanide intoxica- 
tion has been demonstrated in the laboratory 
animal and has been experienced clinically dur- 
ing induced hypotensive anesthesia. This is a 


REPORT OF A CASE 


l4-YEAR-OLD, 44-kg boy was scheduled 

for a Harrington rod correction of a 
thoracolumbar scoliosis. Medical history 
and physical examination were unremark- 
able, except for the presence of the scolio- 
sis (75° progressive curvature) in associa- 
tion with spastic paraplegia below the level 
of 'T-6. These conditions resulted from gun- 
shot wound at age 10. 'The patient had been 
taking no medications prior to hospital ad- 
mission. He was placed in traction for 14 
days in preparation for corrective surgery. 
Preoperative hematocrit level was 40 vol 97; 
hemoglobin level, 14 g/100 ml. Urinalysis, 
BUN, and creatinine were within normal 
limits. Chest roentgenograms revealed clear 
lung fields bilaterally. The patient was clas- 
sified ASA class II. 


At 1245 hr, the patient was premedicated 
with sodium pentobarbital (150 mg IM) 
and atropine (0.6 mg IM). At 1330 hr, an- 
esthesia was induced with sodium thiopen- 
tal (100 mg IV), and endotracheal intuba- 
tion was facilitated with succinylcholine 
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case report of a successful resuscitation of a 
severe cardiovascular collapse secondary to sus- 
pected sodium nitroprusside-induced cyanide in- 
toxication. 


(60 mg IV). Anesthesia was maintained 
with halothane (0.5 to 2%) in N,O (2 L/ 
min) and O, (1 L/min). Muscle relaxation 
was obtained by administering d-tubocura- 
rine. Controlled ventilation was provided 
by a volume-limited respirator" and was 
adjusted according to arterial blood-gas 
status. We monitored ECG lead II, esophag- 
eal heart sounds, central venous pressure, 
transduced radial artery blood pressure, 
esophageal temperature, hourly urinary out- 
put, and arterial blood-gas tensions and pH. 


The patient's arterial blood pressure re- 
mained stable at 120/80 torr after induction 
of anesthesia. At 1430 hr sodium nitroprus- 
side (NaNPR) (0.1 mg/ml in 597 dextrose 
in water [D/W]) was infused by microdrip 
to achieve controlled hypotension. Response 
to the drug was prompt, and initially, sys- 
tolic arterial blood pressure was controlled 
at 60 torr. After 20 minutes, heart rate 
rose to 100 bpm, and an increased rate of 
NaNPR infusion could not maintain systolic 
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blood pressure below 80 torr. Halothane was 
increased to 2 percent concentration, and 
systolic blood pressure then was maintained 
between 60 and 70 torr with up to 500 
„g/min of NaNPR. During the next 4 hours 
of hypotensive anesthesia, the halothane 
concentration was reduced gradually to a 
level of 0.7 percent. NaNPR (2.97 mg/kg, 
or 130 mg total dosage) was administered 
over 5 hours to maintain systolic blood pres- 
sure at approximately 60 torr. Estimated 
operative blood loss was 3500 ml, and total 
blood and fluid replacement consisted of 
3500 ml of whole blood, 2000 ml of 59% dex- 
trose in lactated Ringer's solution, and 1300 
ml of 5% D/W (for NaNPR infusion). 
During anesthesia, urinary output averaged 
100 ml/hr. Intraoperative arterial blood-gas 
analyses showed normal values throughout 
the procedure. At 1730 hr, while the patient 
breathed approximately 33 percent O., 67 
percent N.O, and 1 percent halothane, the 
pHa was 7.46; Paoa, 196 torr; Pacos, 46 torr; 
HCO,-, 19.3 mEq/L; and BE, —2 mEq/L. 


At 1930 hr, during back-muscle closure, 
NaNPR infusion was discontinued, but the 
systemic blood pressure of 60 torr systolic 
failed to return to normal. Over the next 20 
minutes, the systolic blood pressure declined 
slowly but steadily, with narrowing pulse 
pressure. Halothane and N.O inhalation 
was discontinued, and the patient’s lungs 
were ventilated with 100 percent O,. The 
progressive hypotension did not respond to 
an additional 900 ml of whole blood, 1000 
ml of lactated Ringer’s solution, 150 mg of 
ephedrine IV (in divided doses), 1 gm CaCl 
IV (in divided doses), Trendelenburg posi- 
tioning, and a fast microdrip infusion of 8 
mg of norepinephrine plus 1 mg of epineph- 
rine in 500 ml of 5% D/W. 


As the arterial systolic blood pressure fell 
below 30 torr, the open wound was dressed 
quickly, the patient was rolled to a supine 
position, and external cardiac massage was 
begun. Hypotension progressed, the heart 
rate increased to 110 bpm, but then de- 
creased to below 50 bpm with associated 
multifocal ventricular arrhythmias. During 
45 minutes of cardiopulmonary resuscita- 
tion, the patient received a continuous infu- 
sion of norepinephrine and epinephrine (8 
mg and 1 mg, respectively, in 5% D/W), 
epinephrine (1 mg IV and 1 mg intracardi- 
ac), atropine (2 mg IV and 1 mg intracar- 
diac), and 250 mEq of IV NaHCO;. 


After initial NaHCO, administration, re- 
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sults of arterial blood-gas analysis were as 
follows: pHa, 7.34; Paco., 30 torr; Pao,, 258 
torr (Fio,!); actual HCO,7, 15.7 mEq/L; 
and BE, —6.2 mEq/L. The patient also re- 
quired two applications of external cardiac 
defibrillation at 200 watts/sec. Sinus rhythm 
and an arterial blood pressure of'100 torr 
systolic were regained, and at this time mas- 
sive pulmonary edema was recognized from 
the endotracheal tube. Furosemide (40 mg 
IV) was administered, and 13 torr of posi- 
tive end-expiratory pressure (PEEP) was 
provided by a PEEP valve* connected in 
line with the circle absorber system. 


Intraoperative chest roentgenogram re- 
vealed several fractured ribs and a 5 to 10 
percent pneumothorax of the left side of the 
chest, which was treated with a chest tube. 
The patient was turned to a semilateral posi- 
tion, and the surgical closure was completed 
with through-and-through sutures over 
Hemovac® drains. 


The patient was transported to the sur- 
gical intensive care unit at approximately 
2100 hr. His pupils were fixed and widely 
dilated. A rapid drip infusion of dopamine 
(200 mg in 250 ml of 5% D/W) was re- 
quired to maintain blood pressure between 60 
and 90 torr systolic. Ventilation was assisted 
with an Emerson volume-limited ventilator 
(with intermittent mandatory ventilation 
[IMV] modification) at 12 torr of PEEP 
with 12 bpm (IMV) and an Fio, of 0.9. A 
flow-directed Swan-Ganz pulmonary-artery 
catheter was positioned, using transduced 
pressure wave confirmation, and the pa- 
tient's initial pulmonary capillary wedge 
pressure was 20 torr. Analysis of paired arte- 
rial and mixed venous blood-gas samples at 
approximately 2200 hr revealed an intrapul- 
monary shunt of 26 percent (table). The 
Paco, was 42 torr; Pao», 44 torr; Fios, 0.9; 
and pHa, 7.54. 


Because of the patient's severe intrapul- 
monary shunting, hypotension, and arterial 
hypoxemia, we chose not to administer in- 
halation or IV nitrites, in order to avoid 
further compromising the patient by induc- 
ing elevated methemoglobin levels and re- 
ducing available O,. Sodium thiosulfate 
(2595, 150 mg/kg) was administered IV 
over a 15-minute period. Within the next 20 
minutes, the systemic blood pressure rose 
dramatically to 130/75 torr, peripheral per- 
fusion appeared to improve clinically, and 





*J. H. Emerson Company, Cambridge, Massachu- 
setts 02138. 


e 
Suspected Cyanide Intoxication . . . Perschau, et al 535 
TABLE 
Representative Arterial Blood-Gas Analysis Before and 
After Cardiopulmonary Collapse and Resuscitation 
Pcos, Paco», HCOs-, PEEP, Qo a, 
Date Time Fio torr pHa torr mEg/L forr 9 
Operative' day 
Before arrest 1730 0.33 196 7.46 46 19 0 — 
After arrest 1950 1.00 258 7.34 30 16 0 — 
SICU 2100 0.9 56 1.49 37 28 10 — 
2200 0.9 44 7.54 42 36 12 26 
2335 0.9 89 7.47 40 29 16 20 
ist postoperative day 0100 0.7 95 7.46 45 31 20 12 
0650 0.5 89 7.47 41 28 18 13 
1430 0.4 110 7.48 39 28 4 12 
Extubated 2400 


6th postoperative day 1945 0.21 97 1.48 32 23 — — 
M ——M—————M————M — — MÀ se 


urinary output increased. The dopamine in- 
fusion was discontinued, and PEEP with 
. IMV was titrated to improve the intrapul- 
monary shunt and mixed arterial-venous 
O, content difference. Sodium thiosulfate 
(25%, 75 mg/kg) was continued every 3 
hours IV until 0900 hr the next morning. 


The patient’s clinical condition and arte- 
rial blood-gas analysis continued to improve, 
and by 12 hours after the cardiovascular col- 
lapse, he was responding appropriately to 
command. His pupils were now 50 percent 
dilated but responded to light. No seizure- 
type movements were observed in the oper- 
ating room or postoperatively. PEEP and 
IMV were decreased gradually, and the pa- 
tient’s trachea was extubated 27 hours post- 
operatively. He immediately asked for and 
received a detailed explanation of his pro- 
gress. Subsequent recovery was uneventful, 
except for postoperative fever. Platelets and 
fresh frozen plasma were administered to 
correct a platelet count of 82,000 and ele- 
vated prothrombin time and partial throm- 
boplastin time, resulting in moderate bleed- 
ing from IV and wound sites. 


DISCUSSION 


Several cases of NaNPR-induced intoxi- 
cation have been described.! Our patient 
manifested severe refractory hypotension 
compatible with cyanide intoxication from 
NaNPR, and improved dramatically after 
IV administration of the antidote, 150 mg/ 
kg of sodium thiosulfate, over a 15-minute 


period. We considered other possible causes 
of cardiovascular collapse, including hypo- 
volemia and deep halothane anesthesia. 
Since the patient demonstrated a high pul- 
monary capillary wedge pressure and clin- 
ically was in pulmonary edema postopera- 
tively, hypovolemia was not likely to be the 
cause of his persistent hypotension. 


The halothane concentration was reduced 
to 0.7 percent for over 2 hours prior to car- 
diovascular collapse, and the patient was 
still resistant to conventional therapy for 
his hypotension for 2% hours after halo- 
thane administration was completely discon- 
tinued. He then had a dramatic blood pres- 
sure response within 20 minutes of the ad- 
ministration of sodium thiosulfate. Blood 
was drawn to determine cyanide levels, but 
was discarded because of a technical error 
in the laboratory. Thus, the diagnosis of 
cyanide intoxication was presumptive; how- 
ever, we feel that our diagnosis was valid, 
in light of the sequence of events that oc- 
curred after eliminating other possible causes 
of cardiovascular collapse. 


Previous reports have suggested that a 
total dosage of 3.5 mg/kg of NaNPR may 
be administered safely.! Currently, the rec- 
ommended safe dosage is 10 ug/ kg/min 
(not to exceed 300 minutes). An infusion 
rate of 10 „g/kg/min of NaNPR for 300 
minutes (total dosage, 2.97 mg/kg) was ad- 
ministered to our patient. However, our ex- 
perience with this patient suggests that these 
dosages may be excessive in certain patients, 
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such as ours, with neuromuscular dysfunc- 
tion. We can only speculate that endogenous 
thiosulfate, tissue rhodenase, or other en- 
zymes may have been decreased in this 
paraplegic patient from causes yet unknown. 
The only known reported pathologic states 
of abnormal cyanide metabolism are heredi- 
tary Leber’s optic atrophy and tobacco am- 
blyopia.? 


Tachyphylaxis manifested by tachycardia 
and difficulty in maintaining systolic hypo- 
tension were experienced during the first 
hour of NaNPR administration. The anes- 
thesiologist continued controlled hypoten- 
sion, since no acidemia was detected by 
arterial blood-gas analysis, and maintained 
systolic hypotension with increased halo- 
thane concentrations. However, tachyphy- 
laxis has been associated with impending 
NaNPR overdosage without concurrent aci- 
demia? and should be recognized as an omi- 
nous sign in the young patient.? 'This tachy- 
phylaxis may be partially due to a barore- 
ceptor response and can be prevented with 
beta-blocking agents.®.!° However, this would 
eliminate a useful early warning sign of 
cyanide intoxication and might result in 
double jeopardy for the patient if beta 
blockage and cardiovascular collapse occur 
at the same time. 


Significant metabolic acidosis was not 
documented in our patient, although after 
arrest occurred, a base deficit of 6.2 mEq/L 
was seen after emergency administration of 
134 mEq/L of NaHCO,. It is possible that 
an increasing metabolic acidosis did occur 
but was not noted, since pH was not meas- 
ured during the 2 hours preceding circula- 
tory collapse. 


Administering amyl nitrite by inhalation 
or sodium nitrite IV is recommended for 
cyanide intoxication.2 Because of our pa- 
tient’s extremely low Pao, (44 torr at an 
Fio, of 0.9), we believe that he may not 
have tolerated reduction of his O.-carrying 
capacity caused by the increased methemo- 
globin with nitrite. Consequently, nitrites 
were withheld and sodium thiosulfate was 
administered while cardiopulmonary sup- 
port was continued. Investigation in this 
area would help clarify when the benefit of 
the decrease in the cyanide pool would out- 
weigh compromise of O.-carrying capacity 
with increased methemoglobin levels. Also, 
hypotension may be aggravated by periph- 
eral vasodilatation from nitrites. 


Prophylactic administration of hydroxo- 
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cobalamin (vitamin B,.,) may also have 
been helpful but was not available.®-"! 


After being resuscitated, our patient had 
fixed and widely dilated pupils, which was 
cause for much consternation. Even after 
he became lucid and responsive, this aberra- 
tion persisted. In retrospect, we conclude 
that this occurred because of large doses of 
atropine administered during the resuscita- 
tive procedure. 


Moderate hypothermia (33 to 35° C) was 
recorded in our patient during the proce- 
dure. The biotransformation of NaNPR to 
cyanide is retarded partially by hypother- 
mia? and may have contributed to our pa- 
tient's survival. In addition, the estimated 
total blood volume had been exchanged with 
whole blood reinfusion, which may have 
eliminated significant amounts of cya- 
nide.!2.13 These two facts even further sug- 
gest that the previously recommended “safe” 
upper limits for NaNPR may be too high. 


CONCLUSIONS 


We surmise that our patients suffered cya- 
nide poisoning from NaNPR administration 
and that the response to sodium thiosulfate 
treatment suggests that this diagnosis was 
correct. A rapid and simple intraoperative 
determination of cyanide blood level would 
be helpful for patient monitoring. Until this 
or other specific monitoring technics are pos- 
sible, NaNPR should be used with caution 
or discontinued when a patient appears re- 
sistant or develops tachyphylaxis. Also, con- 
ventional treatment of cyanide poisoning 
with nitrites may be contraindicated when 
O,-carrying capacity is lessened by cardio- 
pulmonary deterioration. 
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CORONARY BLOOD FLOW. The effects of morphine or halothane on coronary blood 


flow, independent of changes in cardiac out 


dogs during right heart bypass. Morphine 


(as measured by coronary sinus drainage) a 


put or aortie pressure, were determined in 
significantly inereased coronary blood flow 
fter 3, 4, and 5 mg/kg. This increase was 


aceompanied by a decrease in coronary vascular resistance. Coronary blood flow remained 


unchanged after 0.5, 1, and 2 mg/kg morphine or during inhalation of 0.5, 1 


, and 2 


percent halothane, Coronary blood flow was decreased by 2.5 percent inspired halothane. 
Coronary blood flow was significantly greater after 3 to 5 mg/kg morphine than during 
1 to 1.5 percent halothane. (Grover FL, Webb GE, Bevis V et al: Effects of morphine 
and halothane anesthesia on coronary blood flow. Ann Thorac Surg 22 :429-435, 1976) 
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Anesthesia Induction Technics in Pediatric Patients: 
A Controlled Study of Behavioral Consequences 


ELSIE F. MEYERS, MD* 
STANLEY MURAVCHICK, MD, PhD1 


St. Louis, Missourit 


A study of the post-hospitalization behavior of 
122 children, 85 of whom underwent surgical 
anesthesia, revealed that an asleep anesthetic 
induction technic is not harmful to the young 


NESTHESIOLOGISTS, surgeons, pediatri- 

cians, psychiatrists, nurses, and other 
hospital personnel have long been aware of 
the potential for psychological trauma in 
the pediatric patient. Behavioral changes 
indicative of emotional stress following hos- 
pitalization have been studied by numerous 
authors, but few controlled studies have 
been done, probably because of the many 
variables? !3 involved. 


Viewpoints differ as to the best method 
of anesthetic induction for the pediatric pa- 
tient.1415 Most anesthesiologists favor us- 
ing a warm, friendly, unhurried approach, 
trying to avoid emotional upset. Some pre- 
fer having the child asleep before moving 
him into the operating room, the child un- 
dergoing anesthetic induction without being 
awakened (‘‘steal” induction), while others 
prefer that the child be awake and calm. 
Both groups often find premedicant drugs 
helpful.5:9 Other anesthesiologists believe 
that a child may need to express himself 
by screaming or crying out; they believe 
that if a child is obtunded by premedication, 
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psyche; its use results in a greater likelihood 
of freedom from behavioral upset in the Ist 
postoperative month than when awake induc- 
tion technics are employed. 


he is threatened by his inability to control 
his environment.?? 


The present study was designed to estab- 
lish the relationship between anesthetic in- 
duction technies and subsequent behavioral 
changes in the pediatric patient. 


METHODS AND PROCEDURES 


Subjects.—One hundred twenty-two chil- 
dren, ages 1 through 8 years, were studied. 
All were hospitalized for the 1st time for 2 
to 4 days. Eighty-five of these children were 
anesthetized for elective minor surgical pro- 
cedures of the head and neck including ex- 
traocular muscle revisions, adenoidectomies/ 
myringotomies, adenoidectomies/tonsillecto- 
mies, and superficial facial procedures. Of 
this group, 48 children were cared for by 
the authors (steal and awake induction 
groups) and 37 by others. Thirty-seven 
other children who had been hospitalized 
but did not undergo anesthesia or surgery 
were the hospital control group. They suf- 
fered from illnesses including infections, 
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skin eruptions, and asthma, from minor in- 
juries, or from conditions such as fevers or 
abdominal pain requiring in-hospital diag- 
nostic procedures. 


Steal and Awake Induction Group.—For- 
ty-eight children were visited in the hospi- 
tal on the afternoon prior to operation by 
one of us. Personal contact was established 
and both the parent and child were provided 
with a summary of perioperative events. The 
child was encouraged to bring a favorite toy 
to the operating room. It was emphasized 
that he was “good,” and that we were there 
to help him. Preoperative medication ( dro- 
peridol, 0.1 mg/kg and atropine, 0.02 mg/kg 
IM) was given approximately 114 hours 
prior to anesthetic induction. 


Children asleep upon arrival at the oper- 
ating room (steal induction group, n — 24) 
were moved into the room with great care 
to avoid awakening, and inhalation induc- 
tion begun with high-flow (10 L/min) halo- 
thane-N,O-O,. Awake children (awake in- 
duction group, n — 24) were anesthetized 
with halothane-N,O-O, with the cooperation 
of the patient or with the aid of distractions 
(storytelling, cuddling, etc). In all cases, 
maintenance of anesthesia was with halo- 
thane-N.,O-O, ; 


Postoperatively, the anesthesiologist es- 
corted the child to the recovery room. The 


e 
939 


patient was permitted to return to his hos- 
pital room upon awakening. Postoperative 
visits by the anesthesiologist were made 
either later in the day of surgery or the 
following day. 


Control Induction Group.—These 37 chil- 
dren were not visited preoperatively or post- 
operatively by anyone from the department 
of anesthesiology and were premedicated by 
the surgeons. They were awake at induc- 
tion, often frightened and screaming, in 
which cases restraint and force were re- 
quired. The authors were not present. Post- 
operatively, these patients were escorted to 
the same recovery room as the awake and 
steal induction groups and subsequently re- 
turned to their rooms. No postoperative 
visits were made. 


Questionnaires. — A standardized written 
questionnaire containing 46 items relating 
to specific behavioral problems in 9 cate- 
gories (table 1) was mailed to the parents 
of all children within the 1st month after 
discharge from the hospital. Data were 
analyzed by mean, t-test comparison of 
paired quantitative variables, chi-square an- 
alysis of qualitative distribution and, for 
small expectations in contingency tables, 
(G-test?!) and Kimball’s tables?? A p 
value of 0.05 or less was the criterion for 
statistical significance. 


TABLE 1 


Contents of Post-Hospitalization Questionnaire Evaluating the 
Incidence of Behavioral Upset 


Type of upset 





l. Fears 


Fear of hospitals, doctors, nurses, 


Specific items mentioned* 


t MÁ 


strangers, white coats, 








animals, shots, death, others 


2. Regressive behavior 


Return to baby talk, clinging to parents or objects, toilet train- 


ing problems, masturbation 


3. Anger 


Refusal to talk, offensive language, biting, kicking, breathhold- 


ing, discipline problems, fussiness, vomiting, breaking toys 


4. Depression 


5. Disturbance of social 
or peer interaction 


6. Compulsions 


T. Disturbance of sleeping 


Listlessness or disinterest 


Playing at doctor games, giving shots in play to peers, hurting 
peers, social problems 


Repeated facial or body movements, hand washing 


Trouble going to sleep, restlessness, crying or talking in sleep, 


abits nightmares, sleepwalking, bizarre dreams 


8. Disturbance of eating 
habits 


9. Disturbance of speech 


Change in amount of food eaten, unusual things eaten 


Change in speech patterns 


*Parents were asked to indicate whether the problem was occurring, and if so, whether with greater, the 


same, or less frequency than preoperatively. 
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TABLE 2 
Number and Distribution of Positive Responses Indicating Behavioral Upset 
-— m ho "utut "elu 
1. Fears 8 9 12 266 
2. Regressive behavior 5 4 12 
3. Anger 6 5 8 
4, Depression 1 0 1 
5. Social/peer behavior 2 8 12 5 
6. Compulsions 2 2 1 
7. Sleeping 4 6 9 12 
8. Eating 2 6 11 11 
9. Speech 0 0 2 0 
Total reported disturbances 30 40 68 56 
Patients with no problems 10 3 14 10 


 Cmuents With no prope n ae cases 


RESULTS 


Two hundred-four questionnaires were 
mailed and 142 were returned (24 awake in- 
ductions, 24 asleep inductions, 57 induction 
controls, and 37 hospital controls), repre- 
senting return rates of 73, 71, 70, and 82 
percent, respectively. (Twenty of the induc- 
tion control questionnaires were eliminated 
because of previous hospitalization.) 'There 
was no significant difference in the mean 
age or in the sex distribution of the groups. 
Comparison of the total number of responses 
indicating behavioral upset revealed no sig- 
nificant differences between the four groups 
studied (table 2). However, one difference 
was noted: 10/24, or 42 percent, of the 
asleep induction group versus 3/24, or only 
12 percent, of the awake group reported no 
behavioral problems. 


After categorizing problems into 9 groups, 
findings of one or more positive responses 
within a group were considered as a posi- 
tive response of 1 (table 2). It was first 
tested whether, within each of the 4 patient 
groups, the problem patterns occurred inde- 
pendently and similarly among those pa- 
tients who had at least 1 occurrence in at 
least 1 category. 


The G-test indicated that the problems 
are significantly more alike than would be 
expected from indepedent random sam- 
pling (table 3). A possible reason for this 
may be that the problem occurrences are 
relatively highly correlated, so that the 
problems are likely to occur together in a 
certain pattern, if problems occur at all. 
Because of this possible high correlation of 


problem occurrences, it was deemed appro- 
priate to categorize patients into 2 groups— 
(I) a group without problems, and ( ID a 
group with problems (table 4) and com- 
pare them using Kimball’s method. Only 
the difference in distribution of patients 
without problems between the asleep and 
the awake induction groups was statistically 
significant (p<0.05). 


DISCUSSION 


There is little doubt that the physical dis- 
comfort, separation from home and family, 
sudden exposure to a strange environment, 
and fear of bodily mutilation experienced by 
the pediatric patient create a significant 
emotional stress.'* Over the years of devel- 
opment of pediatric anesthesiology as a sub- 
specialty, preoperative medication, preoper- 
ative psychologic preparation of the patient, 
and modification of anesthetic induction 
technics have been advocated as a means of 
reducing or eliminating this psychologic 
trauma.4:3:10.11,14,15,17-19 While many of 
these suggestions are based upon theoretical 
considerations of pediatric psychodynamics, 
only a few studies document their effective- 
ness.9.7.! 1,15,16,18 


We believe this to be the first prospective 
controlled study of behavioral changes fol- 
lowing awake and steal induction technics 
in children. Because we prefer to avoid 
forceful inductions in unprepared screaming 
children, we utilized a control group, in 
which patients of this type were cared for 
by anesthetists other than ourselves. 
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TABLE 3 
Analysis of Problem Patterns 
Asleep induction x^ = 68.328 y == 106.08 df p == 0.998 
Awake induction x” == 227.266 y 270.18 df =: 0,987 
Induction controls x? == 122.424 y = 164.54 df p = 0.994 
Hospital controls x” = 63.983 y = 79.51 df p = 0.898 
Overall x^ = 482.001 y == 627.26 df pe: 1-4 x 10-6 
TABLE 4 
Number and Distribution of Patients With Problems 
Asleep Awake Induction Hospital Summary 
induction induction control control o 
Patients with no problems 10 3 14 10 37 
Patients with problems 14 21 23 27 85 


Summary 24 24 37 37 122 


The data indicates that children who are 
merely hospitalized exhibit as many behav- 
ioral problems as those who are hospitalized 
and undergo anesthesia for minor, non- 
disfiguring surgical operations. The unpre- 
pared children, some of whom underwent 
forceful anesthetic inductions, exhibited a 
mean number of problems that was not sig- 
nificantly greater than that seen with chil- 
dren carefully prepared and gently anesthe- 
tized. This suggests that hospitalization it- 
self can be quite traumatic. 


Perhaps the psyches of many children are 
so resilient that a few traumatic experiences 
may leave no measurable effect; perhaps our 
questionnaire was not sufficiently sensitive; 
perhaps problems present soon after opera- 
tion were forgotten by the time the question- 
naire was completed by the parents. It is 
even conceivable that hospitalization, opera- 
tion, and rough handling may have been 
beneficial to the psyche of some children. 


This study did not demonstrate a signifi- 
cant decrease in the total number of behav- 
ioral problems in a group of well-prepared, 
gently anesthetized children. It did show, 
however, that the asleep induction technic 
is associated with a significantly greater 
proportion of children free from apparent 
behavioral upset than are awake induction 
technics, 
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MASK VENTILATION IN NEONATES. Prolonged positive pressure ventilation applied 
with a face mask in low birthweight infants (less than 1501 gms) was found to be 
associated with severe occipital compression and skull deformity. Significant intra- 
cerebellar hemorrhages at autopsy in 20 of 106 neonates were also related to mask-applied 
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General Anesthesia in the Presence of Elsenmenger's Syndrome 
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The theoretical implications of anesthetizing 
patients with Eisenmenger’s syndrome are dis- 
cussed and the anesthetic management of 16 
such patients is deseribed. A variety of tech- 
nies were chosen which caused minimal depres- 


Essosenes syndrome! is a rare con- 

dition, and surgical procedures in these 
patients is associated with a high mortality.? 
There is no previous report of the adminis- 
tration of general anesthesia to such patients 
for operations unrelated to the cardiac de- 
fect. It was therefore decided to review the 
anesthetic experience with such patients in 
this center. 


The Eisenmenger Syndrome. — In 1897, 
Eisenmenger described the postmortem find- 
ings of a 32-year-old man who had a history 
of cyanosis and dyspnea since infancy and 
who collapsed and died following a large 
hemoptysis. The findings were a large ven- 
tricular septal defect with some aortic over- 
ride and a large right ventricle. There was 
considerable atherosclerosis of the pulmo- 
nary artery, but none in the aorta. For 
many years, the dextroposition of the aorta 
was regarded as an essential part of the ab- 
normality, although Eisenmenger himself 
did not regard it as being contributory to 
the disordered physiology. 


By the early 1950s, it was recognized that 
the characteristic feature of the condition 
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sion of the cardiovascular system. These pa- 
tients tolerate general anesthesia well and do 
not present the risks that have been suggested 
on theoretical grounds. 


was pulmonary hypertension. In 1958, 
Wood? clarified the position by stating that 
the essential features of the syndrome were 
pulmonary hypertension and a reversed or 
bidirectional intracardiac shunt. He listed 
12 defects in which the hemodynamic situa- 
tion could arise. 


Eisenmenger's syndrome may therefore 
be defined as the presence of a high pulmo- 
nary vascular resistance associated with pul- 
monary hypertension at or close to systemic 
values with a reversed or bidirectional shunt 
at aortopulmonary, interventricular, or in- 
teratrial levels.2.4.5 


Incidence.—'The syndrome occurs in over 
90 percent of adults with large ventricular 
or aortopulmonary communications, but in 
only 9 percent of those with a secundum 
atrial septal defect? It develops in about 
10 percent of children with a large ventricu- 
lar septal defect. Death in childhood is un- 
usual and patients usually lead a remark- 
ably active life until shortly before death, 
which occurs on average between 30 and 35 
years. 
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Pathogenesis.—The factors known to fa- 
vor the development of pulmonary hyperten- 
sion are hypoxia, high left atrial pressure, 
high pulmonary blood flow, and pulsatile 
pressure at systemic level in the pulmonary 
arterial circulation.2 In the syndrome, there 
is a reduction in the total capacity of the 
pulmonary vascular bed with pulmonary 
vascular obstruction and structural changes 
in the small arteries and arterioles, which 
would be expected to prevent normal physi- 
ologic adaptations. Varying grades of sever- 
ity of these structural changes have been 
described, from medial and intimal thicken- 
ing to fibrotic occlusion with localized dila- 
tations proximal to the obstructed arterial 
segments.? These latter changes are irre- 
versible. It is not possible to alter pulmo- 
nary vascular resistance by inhalation of 
100 percent O., or infusion of acetylcholine." 


The progression from a left-to-right shunt 
to development of the syndrome is usually 
gradual over a number of years, but occa- 
sionally it may develop relatively rapidly. 
For example, in 24 patients with ventricular 
septal defects previously reported from this 
hospital, the mean age of developing the 
syndrome was 14 years. However, one pa- 
tient progressed from a large left-to-right 
shunt at 4 months to the developed syn- 
drome at 21% years. 


Factors Associated With Mortality.—Sur- 
gical correction of the cardiac defect is con- 
traindicated, as the right ventricle will be 
unable to eject the cardiac output against 
the high pulmonary vascular resistance. 
These patients tolerate loss of extracellular 
fluid poorly, and operations unrelated to the 
cardiac defect carry a high mortality.” Thus 
pyrexia, vomiting, diarrhea, or dehydration 
from any cause, and acute blood loss may 
lead to sudden deterioration and death. The 
mortality rate associated with pregnancy in 
the largest reported series was 27 percent." 
During the years 1961-69, there were 18 
maternal deaths (excluding abortions) at- 
tributed to the syndrome in England and 
Wales, representing 55 percent of those due 
to congenital heart disease.* 


Potential Problems Associated With An- 
esthesia.—In patients with large aortopul- 
monary communications, the size and direc- 
tion of the shunt will depend on the rela- 
tive resistance to flow in the pulmonary and 
systemic circulations. The occurrence of an 
increased shunting of blood from right to 
left, associated clinically with an increase 
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in cyanosis, may be caused by either a sud- 
den rise in pulmonary vascular resistance or 
a fall in systemic vascular resistance. 


In the Eisenmenger syndrome, the pul- 
monary vascular resistance is relatively fixed 
and does not change in response td inhala- 
tion of 100 percent O, or infusion of acetyl- 
choline.” Little is known about the effects 
of general anesthetics on pulmonary vascu- 
lar resistance in man and there have been 
no studies on the effects of anesthetics in 
the Eisenmenger syndrome. 


It would be reasonable to assume that in 
this condition the pulmonary vascular resist- 
ance would remain relatively constant. How- 
ever, normal changes in the systemic vascu- 
lar resistance would be expected to occur. 
Attention should be paid to minimizing any 
alterations in peripheral vascular resistance 
and maintaining arterial blood pressure. 
'Thus, any anesthetic technic should aim at 
preventing a fall in arterial blood pressure, 
by maintaining both cardiac output and 
systemic vascular resistance. 


Factors which reduce cardiac output are 
direct myocardial depression or loss of sym- 
pathetic drive to the heart, extreme changes 
in heart rate (due to vagal or sympathetic 
mechanisms) and a reduction in venous re- 
turn due to blood loss, inferior vena cava 
obstruction, or sudden changes in posture. 
'The ultimate aim is to maintain oxygenation 
of the tissues. In a concentration of 40 per- 
cent, O, will correct hypoxia due to any ven- 
tilation/perfusion abnormalities within the 
lungs.? Higher concentrations would not sig- 
nificantly increase arterial oxygenation in 
patients with a right-to-left intracardiac 
shunt and hence N.O can be administered 
in concentrations up to 60 percent. 


CASE REPORTS 


In this center during the past 12 years, 19 
general anesthetics have been administered 
to 16 patients, 14 females and 2 males, with 
the Eisenmenger syndrome. Two of the pa- 
tients were children, aged 4 and 13 years, 
the ages of the remainder varying from 19 
to 33 (mean 25) years. Their preoperative 
hemoglobin values varied from 13.6 to 20 
g/100 ml (mean 16.6 g). 


Cardiac lesions in these patients were as 
shown in table 1. All patients were dys- 
pneic on exertion, and all except 3 were 
clinically cyanosed at rest. Pulmonary and 
systemic blood pressures found during car- 





E 
Anesthesia and Eisenmenger’s Syndrome .. . Lumley, et al 545 
TABLE 1] TABLE 2 
Patient Data Procedural Data 
Cardiac lesions Operations performed 
Ventricular septal defect 8 Dental extractions 5 
Atrial septal defect 4 Tubal ligation 5 
Patent ductus arteriosus 2 Hysterectomy and tubal ligation 3 
Transposition of great vesels 1 Cesarean section 2 
Persistent truneus arteriosus 1 Hysterectomy 2 
P | T D and C 1 
beste x Laparotomy for hemorrhage 1 
Pulmonary artery Systolic Diastolic Preoperative medications 
Range 70-130 35-82 Papaveretum -+ hyoscine 11 
Mean 102 59 Meperidine + atropine 3 
Systemic Promethazine + atropine 1 
Range 95-130 45-80 Morphine + atropine 1 
Mean 109 66 Phenobarbital + droperidol 1 
annn 
Induction agents 
diac catheterization in 14 of the 16 patients TOIOpen tal 9 
are also shown in table 1. Methohexital 6 
‘ eee ? : Ketamine 3 
Preoperative medication is shown in ta- libalstionindaet 
ble 2. On two occasions, premedication was MM HIE VON 
omitted. The operations performed are also Cyclopropane 1 
shown in table 2. Diethyl ether 1 
All patients were preoxygenated prior to Maintenance of anesthesia 
induction of anesthesia. The ECG was moni- Halothane + N.O 3 
tored during induction and maintenance of Trichloroethylene + N.O 1 
anesthesia and for 24 hours postoperatively. Diethyl eth N.O i 
Frequent measurements were made of pulse oa 
rate and blood pressure, but intra arterial N:0 + narcotic 8 
monitoring was not employed. Blood gases N:0 alone 6 
were measured only when indicated by a Supplemental aeleeaieeeandaclacaut 
deterioration in the patient’s condition. It PP al analgesics and relaxants 
was not performed as a routine procedure, Phenoperidine 3 
as there is a definite morbidity following Meperidine 3 
arterial puncture!?.3!1 and it was felt that Fentanyl 2 
the risk might be greater in these patients Pancuvonium 5 
who had already undergone at least one car- dÓfubsecnanne 6 
diac catheterization and who were also poly- 
cythemic and thus more liable to thrombotic — — Succinylcholine 3 


episodes. 


The anesthetic agents used are shown in 
table 2. The IV induction agents were given 
slowly until the patients were asleep. One 
patient induced with thiopental and 3 with 
methohexital were given metaraminol (1 
mg) IV prior to induction of anesthesia, in 
order to prevent any reduction in systemic 
arterial pressure. On all except one occa- 
sion, patients were intubated endotracheally, 
using succinylcholine in 9 patients, blind 
nasal intubation being performed in the pa- 
tient induced with diethyl ether. Five pa- 
tients were allowed to breathe spontaneous- 
ly. In each case the gaseous vehicle was 
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N,O-O, (60%:40%). Supplemental anal- 
gesics and muscular relaxants used are 
shown in table 2. On 6 occasions N,O was 
used without any supplements. The action 
of the nondepolarizing muscle relaxants was 
reversed with neostigmine (2.5 mg) mixed 
with atropine (1.2 mg), and 30 to 40 per- 
cent O. was administered for 24 hours post- 
operatively. 


There were no acute episodes of hypoten- 
sion, bradycardia or dysrhythmias associ- 
ated with the induction or maintenance of 
anesthesia or with reversal of the muscle 
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relaxants. There were no instances of an 
increase in cyanosis indicating a greater 
right to left shunt. Emergence from anes- 
thesia was rapid and uncomplicated. 


Three of the 16 patients died postopera- 
tively, a mortality of 19 percent, but it was 
unlikely that the anesthetic was a contribu- 
tory factor. These cases were: 


1. A 29-year-old patient with severe pre- 
eclamptic toxemia who underwent Cesarean 
section when 31 weeks pregnant. Operation 
was associated with a blood loss of 1.5 L, 
which was rapidly replaced. At one stage 
during the operation, the blood pressure fell 
from the preoperative level of 160/110 torr 
to 100/70 torr, at which time methoxamine 
(5 mg) IV restored the pressure to its for- 
mer level. Recovery from anesthesia was 
rapid, but 24 hours postoperatively the pa- 
tient had a sudden asystolic cardiac arrest. 
Necropsy was refused. 


2. A 19-year-old patient who collapsed 
in asystole 9 days after an uneventful Ce- 
sarean section. Necropsy showed a dilated 
right ventricle but no obvious cause for the 
sudden death. 


3. A 23-year-old patient who underwent 
a laparotomy for intraperitoneal hemorrhage 
3 days after a tubal ligation. Recovery from 
anesthesia after the second operation was 
rapid and uneventful, but 24 hours later she 
developed a pyrexia with peripheral vaso- 
dilation and increasing cyanosis. Phenyleph- 
rine was given IV with only transistory im- 
provement. The Pao, on a high flow via an 
MC mask was 14 torr and death occurred in 
asystole. Necropsy again revealed a dilated 
right ventricle. 


DISCUSSION 


The impression gained from this retro- 
spective survey is that general anesthesia is 
not a serious risk to these patients despite 
the theoretical dangers. 


A sudden fall in systemic vascular resist- 
ance would be most likely to occur during 
induction of anesthesia. The IV barbiturates 
cause a reduction in blood pressure and a 
decrease in the tone of systemic capacitance 
vessels, resulting in pooling of blood, re- 
duced venous return, and a fall in cardiac 
output. These effects are dose dependent.'? 
Dosage of these drugs can be minimized by 
using relatively heavy premedication, which 
is well tolerated by these patients. Any ten- 
dency for the blood pressure to fall can also 
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be prevented by a small dose of a vasopres- 
sor drug such as metaraminol, which was 
used in this way on 4 occasions. In all these 
patients, induction of anesthesia with thio- 
pental and methohexital was uncomplicated. 


Ketamine has theoretical advanthges over 
the barbiturates as an induction agent in 
that it does not reduce systemic vascular re- 
Ssistance.!? In the 3 patients who were in- 
duced by giving this agent slowly IV until 
they were uncommunicative (a dose of ap- 
proximately 1 mg/kg), there was a slight 
increase in heart rate but no change in arte- 
rial blood pressure. 


Diethyl ether and cyclopropane have been 
used to induce anesthesia, while halothane 
has been used for maintenance in 3 patients. 
On theoretical grounds, there are objections 
to all these agents. Diethyl ether causes 
minimal changes in systemic vascular resist- 
ance,!*.!5 but it is irritant, flammable, and 
associated with a relatively high incidence 
of postoperative nausea and vomiting; cyclo- 
propane causes an increase in systemic vas- 
cular resistance,'® but it is explosive, again 
associated with a high incidence of post- 
operative nausea and vomiting, and may be 
associated in the presence of hypoxia and 
hypercarbia with cardiac dysrhythmias;!? 
halothane causes peripheral vasodilation, 
hypotension, and is a myocardial depres- 
sant.!* 


Artificial ventilation was employed dur- 
ing 14 of the anesthetic procedures. Exces- 
sive transpulmonary pressures can interfere 
with pulmonary blood flow and cause an in- 
crease in right-to-left shunting in conditions 
such as Fallots tetralogy. However, pro- 
vided normal tidal volumes are employed 
with minimal inflation pressures, high intra- 
thoracic pressures are avoided. It is our 
experience that in adult patients, minute 
volumes of 5 to 8 L/min with tidal volumes 
of 5.5 to 6 ml/kg body weight are sufficient 
to maintain Paco, within normal limits.!? 


Postoperative Care. — In these patients, 
rapid return of consciousness, full muscle 
power, and ability to maintain their own 
airways is essential to avoid hypoventilation 
in the postoperative period. Thus, doses of 
narcotics and muscle relaxants should be 
kept to the minimum compatible with per- 
formance of the surgical procedure. It is 
desirable in these patients to avoid extreme 
changes in heart rate. Baraka?? has shown 
that mixtures of atropine and neostigmine 
produce only a transitory increase in heart 
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rate and no cardiac hazards. Because of the 
relatively short effect of atropine on heart 
rate,?! it is important to observe the pulse 
rate in the immediate postoperative period, 
so that if bradycardia develops, further small 
doses of atropine can be given. 


Epidural or spinal anesthesia associated 
with sympathetic blockade and with inevit- 
able peripheral vasodilation would seem to 
be potentially hazardous in these patients. 
Nevertheless, epidural anesthesia has been 
successfully employed for tubal ligation?? 
and pain relief in labor?? in 2 patients with 
Eisenmenger's syndrome. 


CONCLUSIONS 


The experience presented in this paper 
suggests that patients with Eisenmenger's 
syndrome will tolerate a variety of anesthet- 
ic technics well. Any individual anesthesi- 
ologist will only rarely meet such patients, 
but need not be alarmed at the prospect of 
anesthetizing them. In our opinion, the use 
of heavy premedication (papaveretum and 
hyoscine being considered the most effec- 
tive), a minimal induction dose of bar- 
biturate (preceded by a small dose of meta- 
raminol) followed by intubation, N.O with 
40 percent O,, a muscle relaxant, and sup- 
plemented only when necessary by small 
doses of an opiate, is the most suitable tech- 
nic for these patients. However, with earlier 
diagnosis and wider application of surgery 
in patients with congenital heart disease, it 
is to be hoped that the syndrome will dis- 
appear. 
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Neonatal Neurobehavioral Tests Following Vaginal Delivery 
Under Ketamine, Thiopental, and Extradural Anesthesia 
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Scanlon's neurobehavioral tests were adminis- 
tered to 274 neonates on the 1st and 2nd days 
of life. Ketamine-N;O anesthesia had been giv- 
en to 45 mothers, thiopental-N20 to 52, and 
lumbar extradural anesthesia with chloropro- 
caine to 177. All babies delivered from mothers 
receiving meperidine within 5 hours of delivery 
were excluded. All babies tested were over 2500 
grams in weight, apparently normal, and with 
Apgar scores of at least 8 at 1 minute and 10 
at 5 minutes. All were delivered from healthy 
women aged 18 to 35 years following a normal 
labor. 


O= concept of the consequences to the 
neonate of obstetric anesthesia and 
analgesia has changed during the past dec- 
ade. Previously, it was thought that the 
effects had disappeared after the immediate 
postnatal resuscitative period. Neonatal neu- 
robehavioral tests have shown that long- 
lasting influences occur.*? In this study, the 
ENNS (Early Neonatal Neurobehavioral 
Scale)! tests were used to compare the 
effects of chloroprocaine lumbar extradural 
block with those of thiopental-N,O and ke- 
tamine-N,O during the first 2 postnatal 
days. 


METHOD 


. Babies were studied in 3 groups: (1) 52 
infants from mothers induced into general 


* Assistant Professor. 
+Professor. 
tResident 

§ Resident. 


Lumbar extradural anesthesia was associated 
with the greatest percentage of high scores on 
both the Ist and 2nd days for overall assess- 
ment, tone, rooting, sucking, Moro's response, 
placing, alertness, and habituation to pinprick. 
The scores were lowest after thiopental and in- 
termediate following ketamine. No relationship 
was found between neurobehavior and low-for- 
ceps extraction, oxytocin augmentation, parity, 
or duration of labor. 


anesthesia with less than 4 mg/kg of thio- 
pental (mean 3.1 + 0.15 mg); (2) 45 in- 
fants from mothers receiving a mean dose of 
0.7 (+ 0.04) mg/kg of ketamine; (3) 177 
infants from mothers delivered under chloro- 
procaine extradural anesthesia. Anesthesia 
for the Ist and 2nd groups was continued 
with N,O-O, (6 L:6 L) until delivery. The 
mean induction-delivery interval was 3.8 
(+ 1.2) minutes for the thiopental and 3.7 
(+ 1.3) minutes for the ketamine group. 
Mothers delivered with extradural block re- 
ceived a mean dose of 470 (+ 120) mg of 
chloroprocaine over a mean duration of 2.6 
(+ 1.3) hours. 


Neurobehavior in the 274 neonates was 
assessed on the Ist and 2nd days of life 
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TABLE 1] 


Patient Description: Percentage of Mothers Delivered by Forceps or 
Receiving Oxytocin 





Thiepental (n — 52) Ketamine (n — 45} Extradural (n = 177) 
Primi Multi Primipara Multipara Primipara Multipara 
face bas Weser des 22) (n — 23) (n = 90] (n — 87) 
Forceps 38% 19% 32% 17% 50% 34% 
Oxytocin 23% 19% 18% 22% 67% 23 % 
TABLE 2 








Patient Description: Mean (+ SD) of Babies’ Birth Weight, Length of Labor, and 








Mothers' Description 





Thiopental (n — 52) 
Primipara Multipara 
Birth weight 3292 3324 
(+370) (+369) 
Duration 
ist stage 9.2 6.4 
(+3.5) (2:4.1) 
2nd stage 1.3 0.6 
(2:0.7) (::0.2) 
Mother's age 23 26 
(24.0) (+3.4) 
Weight, kg 71.6 77 
(+11.4) (+88) 
Height, cm 161 163 


Ketamine (n =: 45} 


Extradvral (n — 177) 


Primipara Multipara Primipara Multipara 
3311 3324 3368 3470 
(+384) (+392) (+401) (+420) 
9.2 6.6 10 6.8 
(+3.0) (+3.5) (+3.1) (253.4) 
1.2 0.5 1.4 0.8 
(+0.8) (+0.3) (+0.6) (+0.4) 
24 27 24 29 
(+3.4) (+4.0) (+3.9) (+3.7) 
73.4 76.6 78.1 77.4 
(9.5) (3:92.0) (+8.1) (+8.0) 
161 160 162 161 





(+6) (+7) (+4) (+6) (+6) (+8) 
a MN GL NNNM Dt ANN Cord EN 


during the hour before feeding by 1 investi- 
gator unaware of anesthetic management, 
method of delivery, or perinatal risk factors. 
Testing was in a quiet, constant-temperature 
environment with the baby awake or in a 
light sleep. To obtain similar groups for 
comparison, only spontaneous or low-forceps 
deliveries resulting in a normal baby of over 
2500 grams in weight and with Apgar 
scores of at least 8 at 1 minute and 10 at 5 
minutes were included. Infants whose moth- 
ers had received meperidine within 5 hours 
of birth were excluded. The babies on the 
lst test day were between 4 and 24 hours 
of age when examined (a mean of 84 hours 
for thiopental, 8.7 for ketamine, and 8 for 
the extradural groups). The 2nd examina- 
tion was performed 24 hours later. 


Patients differed little between the keta- 
mine and thiopental groups (table 1,..2)5 
however, the extradural group had slightly 
longer 1st and 2nd stages of labor. The inci- 
dence of forceps deliveries and of the use 
of oxytocin was also greater following extra- 
dural block. 


a 


The neurobehavioral tests were all meas- 
ured on a 4-point ranking ( ordinal) scale, 
with the response recorded as 1 for absent, 
2 when weak or delayed, 3 when intermedi- 
ate, and 4 when strong or full. The order of 
administration of the tests was constant. 
Complete details of the tests are given by 
Scanlon and associates.! 


RESULTS 

Since the neonatal neurobehavioral test 
scores are on a ranking (ordinal) scale, the 
score for each test on each neonate was 
classified as either high or low (see Discus- 
sion). The percentage of high scores for 
each test in each treatment group is shown 
in table 3, together with the p values cal- | 
culated by chi-square test. | 


Group Comparisons. The percentage of 
high scores for overall assessment, pinprick 
response, tone, rooting, sucking, Moro's re- 
sponse, placing, alertness, and habituation 
to pinprick was highest for the chloropro- 
caine extradural group of neonates, lowest 
for the thiopental group, and intermediate 
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TABLE 3 
Percentage of Neonates with High Scores 
on Neurobehavioral Testing on 1st and 2nd 
Days After Maternal Anesthesia 








Thie- Keta- Extra- 
pental mine dural 
(nzz:52) (n—45) [n— 177) 

Overall Day 1 50 71 79* 

Day 2 64 74 88* 
Pinprick Day 1 66 70 72 ns 
response 

Day 2 63 68 807 
Tone Day 1 63 74 RGE 

Day 2 72 81 93* 
Rooting Day 1 48 50 62 ns 

Day 2 56 76 Tii 
Sucking Day 1 56 61 80* 

Day 2 §2 74 93* 
Moro's Day 1 74 81 91i 
response 

Day 2 82 90 97* 
Sound Day 1 38 40 42 ns 
response 

Day 2 42 43 42 ns 
Placing Day 1 68 72 82T 

Day 2 74 83 94* 
Alertness Day 1 54 72 82+ 

Day 2 76 84 96* 
Pinprick Day 1 54 76 80* 
habituation 

Day 2 72 79 85 ns 
*p« 0.001. 
tp«0.05. 
fp<0.01. 


ns = not significant. 


for the ketamine group on both days 1 and 
2. Statistical significant (p< 0.05 to <0.001) 
was reached for all assessments except root- 
ing and pinprick response on day 1, habitua- 
tion to pinprick on day 2, and sound re- 
sponse on both days. For overall response 
and sucking, the p value was «0.001 on 
both days. 


Differences Between Extradural and Thio- 
pental-N,O Groups. — The chloroprocaine 
extradural group of babies had a greater 
percentage of high scores than the thiopen- 
tal-N,O group on both days 1 and 2 for 
overall score, tone, sucking, Moro's response, 
and alertness (p« 0.001 for each score). The 
scores were also greater for placing on day 
1 (p«0.05) and day 2 (p<0.001), for root- 
ing on day 1 (ns) and day 2 (p«0.01), 
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and for habituation to pinprick on day 1 
(p« 0.001) and day 2 (p«0.05). 


Differences Between Extradural and Ke- 
tamine-N,O Groups. — The chloroprocaine 
extradural group of babies had a greater 
percentage of high scores than the keta- 
mine-N.O group on day 1 for tone (p«: 0.05), 
sucking (p<0.001), and Moro's response 
(p« 0.001), and on day 2 for overall assess- 
ment (p<0.02), tone (p«0.01), sucking 
(p«0.001), placing (p<0.02), alertness 
(p<0.01), and habituation to  pinprick 
(p« 0.05). 


Differences Between Ketamine-N,O and 
Thiopental-N,O Groups. —'The percentage 
of high scores was also greater in the keta- 
mine-N,O group than the thiopental-N.O 
group, the difference reaching statistical sig- 
nificance on day 1 for overall assessment 
(p« 0.05) , habituation to pinprick (p« 0.05), 
and alertness (p« 0.02). On day 2, the only 
score significantly higher in the ketamine- 
N.O group was rooting (p<0.05). 


Other Variables.—There was no statis- 
tically significant difference (p>0.2) be- 
tween the neurobehavioral scores of the 
babies whose mothers were delivered by for- 
ceps and those whose mothers delivered 
spontaneously. Similarly, there was no sta- 
tistically significant difference in scores as- 
sociated with parity, oxytocin administra- 
tion, or between male and female neonates 
(p>0.01). 


DISCUSSION 


Chloroprocaine was chosen as the local 
anesthetic for extradural block because it 
was considered to be the agent least likely 
to affect the neonate. Bonica? states: “Be- 
cause of its rapid hydrolysis by plasma cho- 
linesterase, the systemic toxicity of 2-chloro- 
procaine, both for the mother and the fetus, 
is the lowest.” In a well-controlled pharma- 
cologic study on volunteers,*? blood levels 
of IV 2-chloroprocaine were lower, toxic re- 
actions (substantiated by ECG and EEG) 
were fewer, and the tolerated dose was great- 
er than with lidocaine and mepivacaine. 


Freeman and Arnold? used 12 ml of 1 
percent chloroprocaine with 1:200,000 epi- 
nephrine for 261 paracervical blocks. Abnor- 
mal fetal heart patterns continuing for 3 to 
15 minutes occurred in only 6 of 104 fetuses 
continuously monitored; 5 had bradycardia 
(rate «120/min) and 1 had late decelera- 
tions. Chloroprocaine has also been used 
in doses up to 4900 mg in 90 minutes by 
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continuous caudal block for 1030 parturi- 
ents.’ In addition to its lack of toxicity, 
". . . if effectiveness must be guaranteed 
quickly, then it would appear 3 percent 
chloroprocaine is the drug of choice.’ Chlo- 
roprocaine extradural block has therefore 
been used by us as a standard anesthetic 
technic against which to compare other tech- 
nics, since it is the least likely to modify 
neonatal neurobehavior. 


In the 10 years since ketamine was first 
used by Chodoff and Stella,” it has been 
extensively employed for both vaginal de- 
liveries and cesarean section. Ketamine has 
the advantage of providing rapid induction, 
intense analgesia,!? loss of intraoperative 
awareness,!! and easy airway maintenance.1? 
The incidence of emergence delirium reac- 
tions, including unpleasant dreams, does not 
differ significantly from that observed with 
thiopental.!! Its disadvantages include mod- 
erate elevation of the blood pressure in two- 
thirds of the patients.!? Although there is 
little, if any, effect on the Apgar scores at 
doses of 0.8 mg/kg or less, at higher doses 
there is an inverse relationship between the 
Apgar score and dosage.!! Excessive neo- 
natal muscle tone with apnea has been occa- 
sionally observed!2.15.16 and requires vigor- 
ous resuscitation, including intubation. 


In a recent study,!? ketamine was used as 
the sole anesthetic for 545 cesarean sections 
over a 4-year period. Patients were normo- 
ventilated with 100 percent O, before deliv- 
ery. Apgar scores were related to the fetal 
condition necessitating section. Fetal mor- 
tality was 1.8 percent, a figure less than half 
that seen with other anesthetic technics. No 
ketamine-associated effects were noted in 
the neonates. 


A nonparametric test ( x^) was chosen for 
statistical analysis of the neurobehavioral 
scores because these are on a 4-point rank- 
ing (ordinal) scale. For example, muscle 
tone is described as 4 ( superior), 3 (nor- 
mal), 2 (subnormal), or 1 (absent). The 
numbers are merely a convenient symbol 
for the rank and are not true arithmetic 
numbers (a score of 4 is greater than a 
Score of 3 or 2, but there is no other arith- 
metic relationship). To consider such a scale 
as isomorphic with an arithmetic scale and 
to perform arithmetic operations on it (such 
as adding and dividing to produce a mean 
score) is misleading. The appropriate non- 
parametric statistical test!? is a chi-square 
test on the number of neonates in each rank 
or group of ranks. To obtain sufficient neo- 
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nates in each cell for such a test, it was nec- 
essary to group ranks into high and low 
scores. 


Any differences between the babies tested 
in the thiopental-N,O, ketamine-N,O, and 
chloroprocaine extradural groups (tables 1 
and 2) could be due either to selection or to 
the anesthetic-analgesic management. The 
babies were unselected except for the exclu- 
sions, described in Method, designed to re- 
duce major nontreatment differences be- 
tween groups. Two main differences existed 
between the extradural group and the other 
2 groups. Forceps delivery and the admin- 
istration of oxytocin were more frequent; 
both differences are the direct result of 
extradural block. Babies from mothers re- 
ceiving meperidine in the 5 hours before de- 
livery were excluded because meperidine 
administration depresses neurobehavioral 
scores. As we are really comparing neonatal 
neurobehavioral effects of methods of man- 
aging labor pain, it may be that this exclu- 
sion was unnecessary and unfairly penalized 
the extradural group. 


We believe the Scanlon tests are particu- 
larly useful for assessing obstetric medica- 
tion since they require only 10 minutes to 
perform and a large number of babies can 
be evaluated by a single investigator, thus 
eliminating inter-observer error. Intra-ob- 
server error tends to be a function of time, 
the median score of a test rising or falling 
as the trial progresses, The effect of this 
type of error can be minimized by assessing 
an equal proportion of each group of babies 
on the same day. 


CONCLUSIONS 


The results of this study suggest that thio- 
pental is a broad-spectrum, nonspecific neu- 
robehavioral depressant. Ketamine at 0.8 
mg/kg of body weight is in an intermediate 
category, whereas chloroprocaine extradural 
block was associated with the highest neuro- 
behavioral scores. 


The full implications of these relatively 
new testing procedures are still to be as- 
sessed. Drugs depressing rooting, sucking, 
and weight gain, or producing a flabby in- 
fant, may have minimal effect on the healthy 
infant, but may tip the balance for a high- 
risk infant. It is possible that depression of 
habituating responses may indicate effects 
on higher mental function and may inter- 
fere with mother-child relationships in the 
crucial first few days of life. 


e 
902 


A case in point was reported by O'Meara,!? 
in 1968, and followed up by Guillozet,?° in 
1973. The issue was a child of a normal, 
uncomplicated delivery under paracervical 
block. There was severe bradycardia ( « 60) 
from 2 to 15 minutes following the 1st block 
but no change in fetal heart rate following 
a 2nd block. The Apgar score was 5 at 1 
minute and 8 at 5 minutes. However, 30 
minutes later, and after leaving the deliv- 
ery room, the baby developed a frantic cry, 
opisthotonos, and a poor suck. Mepivacaine 
intoxication was diagnosed and, after an 
exchange transfusion, the serum level was 
still 8 mcg/ml. Although there was “no evi- 
dence of sequelae"!? at 1 month, the child, 
when reported again by Guillozet at 41% 
years of age,?? had severe ataxia, dysarthria, 
and delayed development. 


Therefore it would seem prudent to select 
those drugs, dosages, and routes of admin- 
istration that produce the least changes in 
neurobehavioral function in neonates. 
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Guest Discussion 


WALTER U. BROWN, JR, MD 
Department of Anaesthesia 
Harvard Medical School 
Boston Hospital for Women 
Boston, Massachusetts 


It is gratifying to see further application 
of neurobehavioral tests for evaluation of 
the newborn. Drs. Hodgkinson, Marx, and 
coworkers have widened our experience in 
the use of the Scanlon assessment and re- 
inforced the opinion that subtle changes in 
neonatal behavior can be detected by such 
examinations following obstetrical anesthe- 
sia. These neurobehavioral changes would 
probably be missed by evaluations like the 
Apgar score. Although the significance of 
the alterations is not understood at present, 
continued research as exemplified by this 
study may provide explanations for the 
future. 


The authors did not define the terms 
"low" and “high” with regard to scores in 
the study; absent or weak responses were 
grouped as “low” scores and moderate to 
strong responses as “high” scores. Their 
data clearly suggest that thiopental depress- 
es the newborn's adaptive capacity to the 
greatest extent and for the longest period of 
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TABLE 
Percentage of Neonates with High Scores Following Either No 
Maternal Extradural Anesthesia or Maternal Extradural Anesthesia 
with Chloroprocaine, Bupivacaine, Lidocaine or Mepivacaine. 





Chloroprocaine 
9 


Lidecaine or 


Bupivacaine Mepivacaine 





nx 6 ns ncc 

4-24 hours 2-4 hours 8 hours 
97 95 57* 
77 85 46+ 
97 100 50* 
97 100 82+ 





à Nonextredural 
n= 13 

Age on examination 8 hours 
Tone 100 
Rooting 85 
Moro response 100 
Habituation: pinprick 100 
*p<0.01, 

*p« 0.05. 


time when compared to either ketamine 
(0.7 mg/kg) or extradural anesthesia with 
chloroprocaine. The babies whose mothers 
received extradural anesthesia were affected 
the least. 


These findings could imply that ketamine 
in a dose less than 0.8 mg/kg may be a 
better anesthetic than thiopental for induc- 
tion of general anesthesia in the parturient. 
However, any discussion of the possible 
merit of a type of anesthesia in obstetrics is 
incomplete unless the maternal findings dur- 
ing and following the anesthesia are studied. 
It may be prudent to mention here that sub- 
anesthetic doses of ketamine can significant- 
ly disturb difficult cognitive associations in 
the adult, as recently pointed out by Harris 
and associates.! Also, Wieber and colleagues? 
have empbasized that at the time when 
anesthesia has disappeared, 50 to 60 per- 
cent of ketamine is still found in the body 
in the active form. 


It would have been helpful also if the 
investigators had included a group of in- 
fants whose mothers had not been medicated 
during labor or given extradural anesthesia, 
in order to distinguish the newborn's base- 
line neurobehavioral status for this study. 
Data from our investigations?! and for a 
group of babies in this study whose mothers 
received no meperidine prior to extradural 
anesthesia provide several interesting com- 
parisons, as shown in the following table. 
Using chi-square test, the infants of mothers 
who received chloroprocaine extradural an- 
esthesia did not differ significantly from our 
control (nonextradural) group of babies 


whose mothers received neither extradural 
nor general anesthesia. 


Moreover, no significant differences were 
noted between these newborns and those in 
the bupivacaine group. They did differ sig- 
nificantly from our infants whose mothers 
had been given extradural anesthesia with 
lidocaine or mepivacaine. We believe that 
these differences may be related to the cir- 
culating level and time course of the local 
anesthetic in the newborn’s blood, mepiva- 
caine and lidocaine? being present in great- 
er concentrations and persisting for longer 
periods than either chloroprocaine® or bu- 
pivacaine.* 
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A Modification of Landmarks for Infraclavicular 
Approach to Brachial Plexus Block . 


JAMES K. SIMS, MAJOR, MC* 


A description is made of improved landmarks 
for the infraclavicular block. The proper use 


R AJ and associates! have described an 
infraclavicular approach to brachial 
plexus block which uses a nerve stimulator 
to locate the needle point within the neuro- 
vascular sheath. This block is similar to 
other types of upper-extremity “sheath” 
blocks, such as the axillary, the supraclavic- 
ular, and the interscalene, in that an amount 
of local anesthetic agent sufficient to fill the 
fascial sheath is injected and bathes all the 
nerves contained therein.? Thus, with a sin- 
gle injection, all of the nerves to the upper 
extremity are blocked. 


Blocking the plexus by the infraclavicu- 
lar approach has advantages when com- 
pared to brachial plexus block at other 
points. Abduction of the arm is not required 
as with axillary block. Also, musculocutane- 
ous nerve block is accomplished more con- 
sistently than with the axillary approach; 
therefore, operations can be done on or 
around the antecubital fossa. 


When properly done, the needle tip is 
pointed away from the lung and the vascular 
and neurologic structures of the neck, avoid- 
ing the complications of supraclavicular 
block (pneumothorax) and interscalene bra- 
chial plexus block (injection into the caro- 
tid or vertebral arteries, the jugular vein, 
into subarachnoid or epidural space, phrenic 
nerve, vagus, or stellate ganglion). 


Unfortunately, the technic described is 


of the nerve stimulator for needle tip localiza- 
tion is also discussed. 


difficult to master, due to lack of distinct 
landmarks and the thickness of the pectora- 
lis major and minor muscles. A spinal nee- 
dle must be used to reach from the skin 
wheal, 2.5 cm below the midpoint of the 
clavicle, to the brachial plexus. The long 
needle tract and the frequent necessity of 
multiple attempts to locate the plexus de- 
crease patient acceptance of the procedure. 
The extra time involved also elicits com- 
plaints from some surgeons. 


The skin wheal can be made closer to the 
plexus. The index finger is placed in the 
groove between the coracoid process of the 
scapula and the inferior border of the clavi- 
cle. The fingertip is then advanced inferiorly 
and medially with moderate pressure of the 
skin, It will fall into a depression bordered 
inferiorly and medially by the superior por- 
tion of the pectoralis major, laterally by the 
coracoid process, and superiorly by the cla- 
vicle. This point is medial to the pectoralis 
minor muscle and superficial to the thinnest 
part of the pectoralis major. A skin wheal 
is raised at this point and, through this 
wheal, a 3.8-cm "B" bevel needle is intro- 
duced and advanced inferiorly, laterally, 
and posteriorly toward the apex of the axilla 
(figure). 


At no time should the needle be pointed 
medially or directedly posteriorly toward 
the lung. The plexus will usually be reached 
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Figure. Skin wheal and needle position with 
respect to landmarks mentioned in text. 


within 2 to 3 cm from the skin wheal. These 
landmarks are distinct even in obese pa- 
tients, but a longer needle may be required. 
The tip of a standard unsheathed needle is 
localized within the plexus by use of a nerve 
stimulator, with stimulus frequency set at 
l per second.? Clinically, the needle should 
be positioned at the point of maximum stim- 
ulation. 


A test dose of 2 ml of an anesthetic agent 
with a rapid onset is used, since agents with 
a slow onset may produce a vague endpoint 
if used for the test dose. During injection, 
nerve stimulation at the rate of 1 per sec- 
ond is continued. Immediate, dramatic ces- 
sation of muscle movement should ensue. 
Response less than this means that the 
needle tip is too far from the nerve and 
should be repositioned. If less than a per- 
fect result is accepted at this step, the qual- 
ity of the block is in jeopardy; it is here 
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that most people fail to use the nerve stimu- 
lator properly. 


Once the needle is in proper position and 
aspiration has been performed, 35 ml of an 
appropriate local anesthetic solution is in- 
jected. The needle and other hardware may 
then be removed from the patient. 


Anesthesia develops “from the top down,” 
that is, from proximally to distally. Devel- 
opment of surgical levels of anesthesia re- 
quires 15 minutes from the time of injection. 
This time is used for surgical preparation, 
since sufficient analgesia for this purpose 
develops rather rapidly even in extremities 
with tender lesions. 


Lidocaine (1%) provides rapid onset; 
bupivacaine (0.25%) provides long dura- 
tion. For most purposes, a solution contain- 
ing equal volumes of lidocaine (2%) and 
bupivacaine (0.5%) is satisfactory. 


This modified approach permits rapid, 
easy, and consistent performance of infra- 
clavicular brachial plexus block with a short 
needle. Its best use is for operation in the 
region of the elbow and antecubital fossa, 
being particularly well suited to creation of 
arteriovenous fistulae. 
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Evaluation of Myocardial Damage in Patients Undergoing 
Coronary-Artery Bypass Procedures with Halothane-N;0 
Anesthesia and Adjuvants 


W. A. LELL, MD* 
D. R. WALKER, MD} 

E. H. BLACKSTONE, MD£ 
N. T. KOUCHOUKOS, MD§ 
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During a 6-month period in 1975, 102 patients 
undergoing scheduled coronary-artery bypass 
grafting were studied by both conventional ECG 
and heart-specific enzymatic methods to evalu- 
ate the incidence and estimate the extent of 
myocardial damage associated with an anes- 
thetic management protocol using halothane as 
a primary agent with adjuvant agents. Anes- 
thetic interventions were made to maintain 
heart rate and systolic pressure at resting lev- 
els or below the heart rate systolic pressure 
product documented during exercise-induced an- 
gina. These interventions included adjustment 
of halothane concentration in all patients, the 
use of adjuvant agents in 88.2 percent, vasodila- 
tors in 26.5 percent, and the precardiopulmo- 
nary bypass use of vasoconstrictor or cardio- 


P REVIOUS studies? of patients undergo- 
ing coronary-artery grafting procedures 
identify the intraoperative period and par- 
ticularly the precardiopulmonary bypass in- 
terval as the time when myocardial damage 
is most likely initiated. Therefore, anesthetic 
management during this period should in- 
clude interventions designed to protect jeo- 


* Associate Professor, Department of Anesthesiology. 


*Research Associate, Department of Surgery. 
tAssociate Professor, Department of Surgery. 
$ Professor, Department of Surgery. 

|| Professor, Department of Anesthesiology. 


stimulants in 9.8 pereent. There were 2 early 
postoperative deaths. ECG evidence of infarc- 
tion was observed in 4 surviving patients. Sus- 
tained release of heart-specific CPK-MB iso- 
enzyme occurred in 78 percent of surviving pa- 
tients. Isoenzyme activity was detected in only 
1 patient prior to cardiopulmonary bypass 
(CPB), in 1 patient during CPB, and in all 
others after termination of CPB. The extent 
of myocardial damage as estimated by integrat- 
ing CPK-MB values over time was directly 
related to number of vessels grafted and to 
aortic cross-clamp and CPB times. The ECG 
and enzymatic data beth document a low level 
of myocardial damage associated with this anes- 
thetic management protocol. 


pardized myocardium. This report describes 
an anesthetic management protocol using 
halothane, N.O, and adjuvant agents de- 
signed to minimize myocardial damage by 
reducing myocardial O, demands. Conven- 
tional ECG analysis and serial identifica- 
tion and quantification of the myocardial- 
specific isoenzyme, creatine phosphokinase 
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TABLE ] 
Patient Population (102 Patients) 
Mean -+ SD Range 
Áge, yr 53.9 + 8.57 33-74 
Surface area, m? 1.93 2- 0.186 1.50-2.53 
Weight, kg 64.4 + 12.16 50.4-115.1 


(CPK-MB), provided the means of evaluat- 
ing the incidence and estimating the extent 
of myocardial damage associated with the 
technic. 


METHODS AND MATERIALS 


The study population consisted of 109 pa- 
tients, all in ASA class III or IV, randomly 
selected for CPK-MB determinations from 
a total of 226 patients undergoing scheduled 
coronary-artery bypass grafting in a 6. 
month period beginning J anuary 23, 1975. 
There were 86 males and 16 females. Patient 
data are shown in table L. 


All patients had severe angina pectoris. 
Thirty-five had no previous myocardial in- 
farctions, 54 had ECG and/or enzymatic- 
documented evidence of 1 previous infarc- 
tion, and 13 had evidence of 2 or more in. 
farctions. "Thirty were treated for hyper- 
tension for at least 2 years prior to opera- 
tion; the remainder were normotensive, De- 
tailed catheterization data was available for 
82 of the 102 patients: of these 23 were 
classified as having impaired ventricular 
function, on the basis of a left ventricular 
end-diastolic pressure (LVEDP) greater 
than 15 torr following angiography, and 
moderate to severe impairment of contrac- 
tility on left ventricular (LV) cineangiog- 
raphy. Table 2 relates LV function to the 


TABLE 2 


Left Ventricular Function in 82 of 
102 Patients 


Moderate or 


Normal or severely 


Number of vessels mildly impaired impaired LV 


grafted LV function, % function, % 
Single grafts 6 (75%) 2 (25%) 
Double grafts 26 (70%) — 11 (30%) 
Triple grafts 25 (76%) 8 (24%) 


Quadruple grafts 2 (50%) 2 (50%) 
Se 
Total 59 (72%) 23 (28%) 
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number of vessels grafted in these 82 pa- 
tients. ; 


Anesthetic Management Protocol. — All 
patients were interviewed and perioperative 
procedures explained the day before opera- 
tion. Resting, pain:free heart rate and blood 
pressure were recorded in all patients, and 
heart rate-systolic pressure product during 
exercise-induced angina was also recorded 
in 40 patients. Premedication consisted of 
IM pentobarbital (1 mg/kg) and diazepam 
(0.1 mg/kg) or morphine (0.1 mg/kg) and 
diazepam (0.1 mg/kg), 1 hour before induc- 
tion. No anticholinergic drugs were given. 
On the day of operation, the patients were 
transferred directly to the operating room. 
Preinduction interventions were limited to 
placement of a blood-pressure cuff, ECG 
leads, and a single peripheral intravenous 
infusion. Following induction with thiopen- 
tal (2 mg/kg) or diazepam (0.3 mg/kg), 
muscle relaxation was achieved with pan- 
curonium (0.1 mg/kg) and ventilation con- 
trolled for at least 5 minutes with 0.5 to 
l] percent halothane in N,O-O, (5 L:5 L). 
Simultaneously with anesthesia induction, a 
radial artery catheter was placed percutane- 
ously for continuous arterial blood pressure 
monitoring. 


Before and after orotracheal intubation, 
the following interventions were made se- 
quentially to maintain heart rate and blood 
pressure at resting levels or below the thres- 
hold of the heart rate-systolie pressure prod- 
uct documented during exercise-induced 
angina: 


l1. Adjustment of the inspired concentra- 
tion of halothane (0.2 to 1.5%). 


2. Administration of adjuvant agents 
( diazepam, fentanyl and droperidol). 


3. Administration of vasodilators. Nitro- 
prusside (50 mg/250 ml D;W) was admin- 
istered with a constant-infusion pump at 
rates of 1 to 5 „g/kg/min or nitroglycerin 
solution (10 tablets 1/150 gr dissolved in 10 
ml of water) was administered sublingually 
in 1-ml increments. 


4. Administration of vasoconstrictors 
and/or cardiostimulants (methoxamine or 
ephedrine). 


Adjusting the inspired concentration of 
halothane provided a means of establishing 
a depth of anesthesia compatible with 
changing levels of operative stimulation. 
The inspired concentration of halothane was 
kept below 0.3 percent in patients with doc- 
umented abnormal LV function or in those 
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who developed a fall in systolic blood pres- 
sure below resting levels associated with a 
mean left atrial (LA) pressure greater than 
15 torr during operation. The inspired con- 
centration of N O-O, was maintained at 50 
percent except in those patients who devel- 
oped severe ventricular dysfunction. Adju- 
vants were used primarily to attenuate the 
hypertension and tachycardia associated 
with orotracheal intubation, skin incision, 
median sternotomy, and wound closure. If 
hypertension persisted despite the use of 
adjuvants, vasodilators were administered 
to reduce blood pressure to resting levels. 
Vasoconstrictors and cardiostimulants were 
used (infrequently) to correct hypotension 
unresponsive to volume administration and/ 
or cessation of cardiac manipulation. 


Anesthesia was maintained with halo- 
thane and N,O-O, (3 L:3 D). Following 
sternotomy, a polyvinyl catheter was intro- 
duced into the left atrium via the right su- 
perior pulmonary vein, and LA pressure 
was monitored continuously. The hemody- 
namic parameters of heart rate, mean LA 
pressure, mean right atrial (RA) pressure, 
and arterial blood pressure were used to 
evaluate cardiac performance and determine 
the need for and effectiveness of interven- 
tions to alter heart rate, preload, and after- 
load. Balanced salt solution (1 L) was giv- 
en to most patients prior to cardiopulmo- 
nary bypass (CPB). Ephedrine (5-mg in- 
crements) or epinephrine 0.05 to 0.1 ,ug/ 
kg/min was administered intermittently or 
continuously after bypass to correct persis- 
tent hypotension associated with LA pres- 
sure greater than 16 torr. 


Assessment of Myocardial Damage. 

Electrocardiography. — ECGs were ob- 
tained daily for 7 days and analyzed for 
QRS and ST segment changes. 


Enzyme Determinations. — Ten-ml ali- 
quots of blood were obtained immediately 
before initiating CPB, and at 1, 2, 5, and 7 
hours after the onset of bypass. Subsequent 
samples were obtained at 2000 hours on the 
day of operation; at 0200, 1400, and 2000 
hours on postoperative (PO) day 1; at 0800 
and 2000 hours on PO day 2; and at 0800 
hours on PO day 3. Serum CPK activity 
levels were obtained by a modified Rosalki? 
method with Spinchem reagents" on a 
Centrifichem? analyzert at 37°C. CPK 





*Smith-Kline Instruments, Sunnyvale, California. 
Union Carbide, Rye, New York. 
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isoenzyme fractionation was evaluated by 
the electrophorectic method of Roe and co- 
workers? and the isoenzymes quantitated by 
fluorometric scanning on a Clifford Densi- 
comp". 


To evaluate the incidence and estimate 
the extent of myocardial damage during the 
perioperative period, the CPK-MB data 
were reviewed to (a) determine the number 
of patients with CPK-MB activity detected 
in serial samples, (b) determine the time of 
initial detection of CPK-MB activity rela- 
tive to the onset of CPB, (c) evaluate the 
time course of CPK-MB activity, and (d) 
estimate damage by numerical integration 
of the area under the CPK-MB activity ver- 
sus time curve. 


For statistical analysis of both the indi- 
vidual values for CPK-MB and the inte- 
grated CPK-MB, the natural logarithm (1n) 
was employed since the distributions were 
significantly skewed (a value of 1 was used 
when no CPK-MB was detected). Factors 
influencing the magnitude of integrated 
CPK-MB were evaluated by multiple re- 
gression technics, using as covariates the 
demographic variables age, sex, race, weight, 
and body surface area. These covariates pro- 
vided a patient-specific adjustment for cor- 
relation and regression coefficients. 


RESULTS 


Anesthetic Management Protocol.—Anes- 
thetic interventions required to maintain 
heart rate and blood pressure at resting lev- 
els or below the heart rate-systolic pressure 
product are shown in table 3 for the study 
group according to number of vessels grafted. 
Adjustment of the inspired concentration of 
halothane was the only intervention in 8 
patients. Four patients received minimal 
halothane (0.2% inspired) plus ephedrine 
before CPB to maintain resting blood pres- 
sure. Ninety patients received an adjuvant 
agent in addition to adjustment of inspired 
halothane. Twenty-seven patients required 
these interventions plus the use of a vaso- 
dilator. Vasoconstrictors and/or cardiostim- 
ulants were administered to 10 patients pre- 
bypass and to 8 patients postbypass. None 
received propranolol. 


Assessment of M yocardial Damage.—The 
102 patients underwent revascularization as 
shown in table 4. Attempts were made to 
bypass all stenosis greater than 70 percent 
whenever technically feasible. There were 2 
hospital deaths; both patients had CPK-MB 
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TABLE 3 
Anesthetic Interventions in 102 Patients According to Number of Vessels Grafted 





Adiustment of Adrinistra- Administra- Vasoconstrictors and/or 

inspired tion of tion of cordiostimulants 

concentration adjuvant vasodilator 

of halothane agents agents Prebypass* Postbypasst 
Number of vessels grafted Number Number % Number % Number % Number %, Number % 
Single graft 10 10 100 9 90.0 2 20.0 0 0 
Double grafts 44 44 100 37 841 13 295 3 68 3 68 
Triple grafts 43 43 100 39 90.1 10 23.3 7 16.3 á 9.3 
Quadruple grafts 5 5 100 5 100 2 40.0 0 1 20.0 


Total 102 100 


$ 


Prior to cardiopulmonary bypass. 


90 88.2 27 26.5 


tAfter cardiopulmonary bypass, including entire postoperative period. 


TABLE 4 
Perioperative Events in 102 Patients 


ECG evidence 
of infarction 
in survivors 


Number of vessels 


grafted Number Deaths 





Single grafts 





incidence of Initial detection of CPK.MB 


sustained relative to CPB in all patients 
CPK-MB 
release in During 

survivors Prebypass bypass After bypass 


TUTTI A e e a saan 


10 (10%) 0 1 (10%) 5 (506) 1(10%) 0 4 (40%) 
Double grafts 44 (438%) 1(2%) B(%%)* 32 (74%) 0 1(2%) 32 (736%) 
Triple grafts 43 (42%) 1(2%) 0 37 (88%) 0 0 38 (88%) 
Quadruple grafts 5(59.) 0 0 4 (80%) 0 0 4 (80%) 
Total 102 2(2%) 4 (4%) 78 (78%) 11%) 1(1%) "78 (76%) 


*Includes 1 patient who developed ECG changes on the 3rd PO day. 


detected during operation and death prob- 
ably resulted from myocardial infarction. 
Four of 100 survivors demonstrated ECG 
evidence of a new myocardial infarction 
manifested by new Q waves and persistent 
ST segments elevation in the anterior pre- 
cordial and/or inferior leads on 2 or more 
consecutive ECGs. In 3 of these patients, 
ECG changes occurred immediately post- 
operatively, persisted for 7 days, and were 
associated with integrated CPK-MB values 
greater than 5000 IU/l/hr. The 4th pa- 
tient developed ECG changes on the 3rd 
PO day, prior to which his integrated CPK- 
MB was 117 IU/l/hr. The late ECG 
changes in this patient were associated with 
a rise in previously declining CPK-MB ac- 
tivity. Including the 2 hospital deaths, the 
incidence of perioperative myocardial in- 
farction for the total group was 6 percent. 


Sustained CPK-MB activity, defined as 
activity identified in more than 1 consecu- 
tive sample, occurred in 78 surviving pa- 


tients (table 4). The isoenzyme was de- 
tected in only a single sample in 2 patients. 
Twenty patients had no detectable CPK-MB 
at any time during the 78-hour study period. 
The incidence of sustained CPK-MB release 
was significantly related to number of ves- 
sels grafted as follows: Single versus double, 
p<0.13; double versus triple, p<Q.02; single 
versus triple, p<0.01. 


CPK-MB activity was detected in only 
1 patient before the onset of CPB and in 
one during bypass. In the remaining pa- 
tients, the isoenzyme was first identified in 
postbypass samples. The time course of 
CPK-MB activity is shown in the figure, 
where enzyme activity for the total group 
is plotted against time. Peak activity oc- 
curred approximately 7 hours after the onset 
of CPB and declined to zero over the next 
24 to 48 hours. 


The geometric mean of integrated CPK- 
MB values for 100 surviving patients was 
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HOURS AFTER STARTING BYPASS 


Ficure. CPK-MB isoenzyme activity plotted against hours after starting bypass. The geometric mean 
is plotted with its asymmetric standard error at each sampling time (open square). 


142 IU/l/hr. Table 5 shows the integrated 
CPK-MB values according to number of 
vessels grafted. There was a weak but sig- 
nificant (p<0.04) correlation of integrated 
CPK-MB with bypass time (r = 0.32), the 
number of grafts (r = 0.3), and aortic cross- 
clamp time (r = 0.3). It was not possible 
to statistically separate the independent in- 
fluences of these 3 factors, however, since 
each was strongly intercorrelated with the 
others (r all 0.7). Preoperative findings of 
previous infarction, treated hypertension, 
or abnormal LV function did not significant- 
ly influence integrated CPK-MB values. 
Perioperative administration of different 
premedications, induction agents, or the use 
of vasoconstrictors and/or cardiostimulants 


TABLE 5 


Integrated Area Under the CPK-MB Curve 
(IU /1/hr) in 100 Surviving Patients 


Geometric 


Mean = SE* (n) mean 


3.1 + 0.99 (10) 23 


Number of vessels grofted 


Single grafts 


Double gráfts 4,7 + 0.44 (43) 113 
Triple grafts 5.6 + 0.33 (42) 271 
Quadruple grafts 5.1 + 1.37 (5) 171 
Total 5.0 + 0.27 142 
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*Logarithmic scale. 


did not significantly affect the integrated 
CPK-MB. 


DISCUSSION 


Myocardial damage occurring during the 
perioperative period may be related to anes- 
thetic technics, operative manipulation, or 
inadequacies of myocardial care. With re- 
gard to anesthetic management, efforts 
should be made to utilize those technics 
which protect jeopardized myocardium and 
provide maximal opportunity for uncompli- 
cated long-term recovery. 


Myocardial damage occurs when myocar- 
dial O, supply can no longer meet O, re- 
quirements, In patients with occlusive cor- 
onary-artery lesions, pharmacologic inter- 
ventions designed to increase myocardial 
blood flow and thereby O. supply may be 
unsuccessful. Recently, interventions de- 
signed to minimize myocardial O, require- 
ments have received attention. The mecha- 
nism of action of these pharmacologic inter- 
ventions is a reduction in one or more of 
the major determinants of myocardial O, 
consumption, namely LV wall tension, heart 
rate, and contractility." Vasodilators, for ex- 
ample, reduce wall tension.*.° Propranolol 
reduces heart rate and, to a lesser extent, 
contractility.!°.11 Cardiovascular effects of 
halothane are associated with a decrease in 
myocardial O, requirements.!?-!* The mech- 
anism is most likely a dose-related reduction 
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in myocardial contractility.!5.19 Reductions 
in heart rate and afterload are minimal dur- 
ing halothane anesthesia!*.17 but may con- 
tribute to overall observed reduction in 
myocardial O, requirements. 


The cardiovascular effects of N,O alone 
and with morphine or halothane in healthy 
volunteers and cardiac surgical patients were 
reviewed by Lappas and associates.!5 These 
investigators presented evidence of de. 
pressed ventricular contractility following 
NO administration to patients with coro- 
nary artery disease who also received mor- 
phine. Similarly, Eisele's group!? docu- 
mented reduced myocardial contractility in 
patients with ischemic heart disease follow- 
ing inhalation of 40 percent N.O. In pa- 
tients with abnormal LV function, mani- 
fested by increased LVEDP and poor con- 
tractility, further reduction in contractility 
with halothane and/or N.O may lead to 
cardiac dilation and increased wall tension, 
resulting in an undesirable overall increase 
in myocardial O, consumption. 


Whether or not a reduction in myocardial 
O, requirement protects the myocardium 
from damage depends on maintenance of 
adequate myocardial blood supply. Over- 
zealous use of vasodilators may result in 
inadequate pressure-dependent corona ry- 
artery perfusion. Decreased coronary-artery 
perfusion might also result from a reduction 
in cardiac output following halothane-N.O- 
induced depression of contractility. 


In the present study, the heart rate-sys- 
tolic arterial pressure product, an easily 
measured index of LV O, consumption,?°.2! 
was monitored, to determine the need for 
and effectiveness of interventions designed 
to reduce myocardial O, demands. Halo- 
thane was used as a primary agent with 
N.O to control contractility. In order to 
avoid the deleterious effects of excessive de- 
pression of contractility, the inspired con- 
centration of halothane was kept in the 
range of 0.5 to 1.5 percent. A fall in systolic 
blood pressure below resting levels associ- 
ated with a rising LA pressure served as an 
indication to further reduce the inspired 
concentration. 


Because of the minimal effect of halo- 
thane on systemic vascular resistance and 
heart rate,!5.17 adjuvants were administered 
to a majority of patients to attenuate the 
increased myocardial O, consumption asso- 
ciated with hypertension and tachycardia. 
In addition, vasodilators were required in 26 
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patients to maintain systolic pressure at 
resting levels. 


The above interventions were required 
during periods of maximal stimulation as- 
sociated with intubation, skin incision, ster- 
notomy, and wound closure. Orotracheal 
intubation produced the greatest increases 
in heart rate and systolic pressure. Attempts 
were made to attenuate this response by 
ventilating patients with the anesthetic gas 
mixture for at least 5 minutes prior to in- 
tubation. Although not used in this study, 
the administration of intratracheal lidocaine 
is also effective in minimizing circulatory 
responses to intubation.22 


In order to assess a given management 
protocol in terms of protecting jeopardized 
myocardium, one needs a sensitive and spe- 
cific estimate of myocardial damage. Autop- 
sy findings of transmural myocardial infarc- 
tion are specific for detection of myocardial 
damage but lack sensitivity and do not 
document the time of injury. Findings of 
“pathologic Q waves” on the ECG do not 
necessarily reflect tissue damage detected by 
histopathologic technics.23.24 The use of 
unipolar precordial leads, a technic that is 
simple and should be employed routinely, 
increases the capability significantly. Pre- 
cordial or epicardial ST segment mapping 
further enhances this ability but is cumber- 
some and complicated.2*26 The endocardial 
viability ratio of diastolic pressure time in- 
dex to tension time index may not be appli- 
cable to patients with coronary occlusive 
disease.?* 


Wagner's group?! previously documented 
the importance of CPK-MB in the diagno- 
sis of acute myocardial infarction. Oldham 
and associates! first demonstrated the use- 
fulness of CPK-MB enzyme determinations 
as a sensitive and specific indicator of myo- 
cardial damage in 30 patients undergoing 
coronary-artery bypass procedures. We, 
therefore, used this technic in our group of 
102 patients. 


Heart-specific CPK-MB is not detected 
in normal serum by the method described 
by Roe* in 1972, nor can it be identified in 
all patients undergoing intracardiac opera- 
tions, despite LV venting, defibrillation! and 
aortic cross-clamping.?? Therefore, detec- 
tion of CPK-MB in serial samples is con- 
sidered a sensitive and specific indicator of 
myocardial damage in patients undergoing 
coronary-artery bypass grafting.! According 
to Sobel and Shell? the integrated value 
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for CPK-MB activity multiplied by a pa- 
tient-specific constant is an estimate of the 
extent of myocardial damage. 


'Twenty-two percent of the patients in this 
study had no detectable sustained CPK-MB 
activity in the 72-hour sampling period. The 
isoenzyme was identified in only 1 patient 
prior to CPB. Oldham! previously reported 
a 14 percent and Isom? a 35.7 percent inci- 
dence of initial appearance of CPK-MB in 
prebypass samples obtained from patients 
undergoing coronary-artery grafting proce- 
dures. 'The single patient with detectable 
prebypass isoenzyme elevation in our study 
had an extremely labile blood pressure and 
heart rate. He received a single graft and 
did not subsequently demonstrate ECG evi- 
dence of infarction. However, the integrated 
CPK-MB was 440 IU/l/hr compared to 
a geometric mean of 23 IU/l/hr for other 
patients receiving single grafts. Because of 
the variable delay in serum appearance of 
CPK-MB activity following myocardial 
damage, it is possible that injury occurring 
in the prebypass interval might first be de- 
tected in samples obtained during or after 
bypass. In the majority of patients, how- 
ever, the high incidence of initial appear- 
ance of CPK-MB in postbypass samples 
(9697, of CPK-positive patients) most likely 
reflects deficiencies in myocardial care dur- 
ing bypass. 


The extent of myocardial injury estimated 
by integrated CPK-MB values was signifi- 
cantly and directly related to the number 
of vessels grafted and to aortic cross-clamp 
and bypass times. The correlation with num- 
ber of vessels grafted might suggest severity 
of disease as an etiologic factor, while the 
correlation with cross-clamp and bypass 
time would indicate inadequacies of myo- 
cardial preservation during CPB as a cause 
of injury. We were unable to test these two 
hypotheses independently. 


Isom? previously reported a 63 percent 
incidence of integrated CPK-MB values 
greater than 1000 IU/l/hr in a contem- 
poraneous study of patients undergoing cor- 
onary revascularization procedures. In our 
study, only 24 percent of 100 surviving pa- 
tients had values greater than 1000 IU /l/hr. 
This significant difference (p« 0.0001) can- 
not be attributed to methodologic differ- 
ences in measuring the CPK-MB, since the 
samples from both studies were analyzed 
contemporaneously at Duke University. 
Although recognizing the difficulty of defin- 
ing with certainty the individual effects of 
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anesthetic management, operative technic, 
or methods of myocardial care in producing 
injury, the significant differences in preby- 
pass evolution of CPK-MB and the lower 
overall estimated extent of damage in this 
study suggest that anesthetic management 
plays a crucial role. We believe that jeop- 
ardized myocardium can be protected by 
using anesthetic and adjuvant agents in 
such a way as to reduce myocardial O, con- 
sumption while maintaining coronary blood 
flow. 
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Plasma Heparin Activity and Antagonism During 
Cardiopulmonary Bypass with Hypothermia 
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Atlanta, Georgia§ 


Plasma heparin activity in 11 patients under- 
going open-heart surgery was measured by 
comparing thrombin time of patient plasma to 
thrombin time of plasma containing known 
heparin concentrations. Although all patients 
received 300 units/kg of heparin, their initial 
plasma heparin levels varied significantly, from 
1.8 units/ml in lighter patients to 3 units/ml 
in heavier patients. During hypothermia (25* 
C), heparin decay was insignificant. At 37* C, 
heparin decayed at a rate between 0.37 and 2.01 
units/ml/hr. This decay was significantly fast- 
er in those patients with higher initial post- 
hypothermia plasma heparin levels. 


fA rrooven there have been many meth- 
ods of evaluating the effect of heparin 
on clotting,'!? a precise, practical method 
of evaluating circulating heparin levels dur- 
ing cardiopulmonary bypass in man has 
been lacking. As a result, over 30 protocols 
for heparin administration are in use in this 
country. Among these, dosages of heparin, 
and of protamine used to reverse heparin, 
vary considerably,? with consequent excesses 
and deficits of both. Bull and coworkers* 
attempted to overcome this problem by us- 
ing a dose-response curve in which clotting 
time is a function of heparin dose, but they 
still encountered marked variations in clot- 
ting time from patient to patient. We there- 
fore undertook the following study to pre- 
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When heparin was reversed with a protamine 
dose based on circulating plasma heparin levels, 
the mean difference between the predicted and 
the actual residual heparin activity was 0.025 
units/ml. Heparin levels vary widely because 
of the influence of temperature on decay rates 
and because the space into which heparin is 
distributed is not simply proportional to weight. 
Evaluation and reversal of plasma heparin ac- 
tivity require ongoing analysis rather than any 
1 dosage protocol. 


cisely assay plasma heparin levels in pa- 
tients undergoing cardiopulmonary bypass, 
and to formulate an accurate method for 
reversing heparin with protamine. 


MATERIALS AND METHODS 


Plasma heparin activity was determined 
by comparing thrombin times of patient 
plasma samples to control thrombin times 
of pooled human plasma‘ containing known 
heparin| concentrations. Before analysis, 
both control and patient plasma samples 


fCitrated Normal Plasma, Dade Division, American 
Hospital Supply Corporation, Miami, Florida. 
Heparin, 1000 IU/ml, The Upjohn Company, 
Kalamazoo, Michigan. 
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were serially diluted 1:1 with veronal buf- 
fer, and then 1:1 with unheparinized pooled 
human plasma, to minimize the influence of 
procoagulant variability. Then, 0.1 ml of 
thrombin solution was added to 0.2 ml of 
diluted plasma which had been incubated 
for 2 minutes at 37? C and clotting time de- 
termined mechanically.* * 


Thrombin solutions were prepared by di- 
luting 100 NIH units of lyophylized bovine 
thrombin in 0.02 M CaCl. to 10 units/ml 
or 2.5 units/ml (for use in detecting low 
heparin concentrations). Uniformity of these 
solutions was assured by ad justing the high 
and low thrombin concentrations to obtain 
unheparinized control thrombin times of 7.2 
to 7.6 seconds and 17.2 to 184 seconds, re- 
spectively. 


The effect of hemodilution on the heparin 
assay was measured by comparing thrombin 
time of heparinized plasma with that of the 
same plasma diluted 1:1 with control plas- 
ma, heparinized pump-prime without blood, * 
Ringer's solution, or distilled water. 


Patients undergoing open-heart surgery 
were selected at random. Each patient 
received 300 units of heparin/kg initially 
and 150 units/kg every 2 hours until the 
termination of bypass. Plasma heparin de- 
terminations and blood-activated recalcifica- 
tion time (BART) were performed fre- 
quently during each case and again after 
heparin was neutralized with protamine. 


Heparin was reversed in 8 patients with 
a protamine dose based on the formula: 
circulating total plasma heparin load 


‘circulating plasma volume 
mg z i 


M 0 Hmm ne int mne stem anie i íi rra e aan Ama mm nemen 


The precision of this method was evaluated 
by comparing predicted to actual residual 
heparin levels produced by giving approxi- 
mately 95 percent of the calculated prota- 
mine dose. This was necessary because 100 
percent antagonism could not be distin- 
tinguished from protamine excess by the 
heparin assay. Subsequently, the balance 
of our conventional dose of protaminet 





**Fibrometer, Becton Dickinson Company, Cockys- 

ville, Maryland. 

*Pump-prime contains 1000 ml Normosol,? 500 ml 
dextran-40, 22.5 mg mannitol, and 2200 units 
heparin. 

165 ml in females. 
fTotal protamine dose = (1 mg/kg) (e) 9. 3465t (€ = 
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based on a 2-hour heparin half-life was giv- 
en. 


Statistical Methods.—Decay rates were 
derived from the slope of the regression lines 
relating heparin levels to elapsed time. Re- 
gression lines and correlation coefficients 
(r) were derived by least-squares analysis 
of variance. Significance of the regression 
was computed by Students t-test. 


RESULTS 


The thrombin time control curves (fig 1) 
demonstrate that in-vitro heparinization of 
plasma prolonged thrombin time. The in- 
vitro assay is consistent within - 0.05 unit/ 
ml below heparin concentrations of 9 units/ 
ml and +0.1 unit/ml from 2 to 4 units/ml. 
In-vitro dilution (1:1) of heparinized con- 
trols with pump-prime, piasma, or Ringer's 
solution resulted in a proportional reduc- 
tion in thrombin times, but in-vitro dilution 
(1:1) with distilled water shortened control 
thrombin times by more than a factor of 6. 


There was a consistent pattern of heparin 
activity during open-heart Surgery. Figure 
2 shows a typical patient's record. Following 
a loading dose of heparin, plasma heparin 
levels usually peaked out of the range of 
the assay, but fell within 30 minutes to be- 
tween 3 and 5 units/ml. After instituting 
bypass, heparin levels fell further because 
of hemodilution with pump-prime and then 
plateaued in association with hypothermia. 
With each redose of heparin during hypo- 
thermia, the plateau increased. Following 
rewarming, heparin levels declined until 
heparin was reversed with protamine. 


Clotting Time - Seconds 





4 5 
Heparin-Units / mi 

Fic 1. Thrombin times at krown heparin concen- 
trations after in-vitro heparinization of control 
plasma. The upper curve was generated using a 
thrombin concentration of 2.5 units/ml; the lower 
curve using thrombin 10 units/ml. (N equals the 
number of determinations, if greater than 3.) 
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Fic 2. Heparin activity record during bypass (lower graph is a continuation of upper graph). Follow- 
ing a 300-unit/kg loading dose, heparin levels peaked, then fell to a plateau which persisted during hypo- 
thermia. Redoses during hypothermia increased the plateau level. After rewarming, heparin levels declined 


until heparin was reversed. 


Although all patients received equal ini- 
tial mg/kg doses of heparin, their plasma 
levels after initiating bypass varied from 1.8 
units/ml in the lighter patients to 3 units/ 
ml in the heavier patients. This relationship 
(fig 3, left) of level to weight is highly sig- 
nificant (y = 0.022x + 0.92; r = 0.85, 
p<0.01). The initial level was somewhat 
better correlated with total amount of hepa- 
rin administered (y = 0.08x + 0.34: r = 
0.96, p<0.01) than with weight (fig 3, right) 
because of the 2200 units of heparin con- 
tained in our pump-prime. Following a 2nd 
dose of heparin (6 patients), the plasma 
. heparin activity increased to a new level 
which was proportional to the cumulative 
dose and patient weight (p« 0.01; r = 0.99). 


Heparin decay during hypothermia (fig 
4) was insignificant (0.21 units/ml/hr + 


0.12 SD). After rewarming to 37? C, hepa- 


rin levels declined linearly at a significant 
(p<0.01) rate between 0.37 and 2.01 units/ 
ml/hr. These decay rates were directly pro- 
portional (p« 0.01; r = 0.93) to the initial 
heparin levels following rewarming. 


At the end of bypass, 8 patients received 
a protamine dose calculated to reverse ap- 
proximately 95 percent of the assayed cir- 
culating heparin. The mean difference be- 
tween the predicted and actual residual 
heparin level was 0.025 units/ml + 0.09 
SE. This represents a mean error in pro- 
tamine dose of only 1.3 mg + 2.7 SE/pa- 
tient, or about a 2 percent error. The BART 
returned to within 4 percent of preoperative 
control values, and no heparin activity was 
detectable after administration of the re- 
mainder of our conventional protamine dose. 
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Initia! Plateau Activity - Units / ml 


Weight in Kilograms 





45 55 65 75 85 95 105 17 






IO 2! 23 25 27 29 
Initia! Dose - Units-iD4 


Fig 3. Initial plasma heparin levels during bypass following a 300-unit/kg loading dose. Initial levels 


varied from 


1.8 to 3 units/ml. Left: Initial heparin levels are proportional to weight: y = 0.022x + 0.92; 


r = 0.85, p « 0.01; Right: Initial heparin levels are somewhat better correlated with initial dose: y = 0.08x 


+ 0.34; r = 0.96, p < 0.01. 


Heparin Activity-Units/ni 


Elapsed Time - Minutes 


Fic 4. Heparin activity during hypothermia (25° 
C) in 11 patients. Heparin activity during hypo- 
thermia declined insignificantly (0.21 units/ml /hr + 
0.12 SD) with time. 


DISCUSSION 


Many methods of measuring heparin lev- 
els exist. Of these, only the microelectro- 
phoresis method of Jaques? measures hepa- 
rin directly, but it requires 5 or more hours 
to complete. The BART,!° activated coagu- 
lation time,” activated partial thromboplas- 
tin time,!! BaSon,? and thromboelastogram? 
are only semiquantitative methods. Other 
clotting-time tests measure heparin quanti- 
tatively. Of these, factor 10, analysis!? is a 
complex multiple-stage test, and the diluted 
activated partial thromboplastin time! was 
significantly prolonged by incubation of con- 
trols for 30 minutes at 21° C. 1 


The thrombin time bioassay described in 
this study was quite satisfactory. It is easy, 
precise and quantitative, is relatively un- 
affected by hemodilution, could be per- 
formed in duplicate in 6 to 19 minutes, and 
the cost was reasonable. 


Although all patients received equal mg/ 
kg loading heparin doses, after initiating 
bypass their plasma levels were not equal 
but were instead proportional to weight. 
The 2 heaviest patients had over 66 percent 
higher levels than the 2 lightest patients. 
Heavier patients thus demonstrated a hepa- 
rin space which was relatively smaller per 
kg body weight than that of the lighter pa- 
tients, More uniform initial heparin levels 
might be achieved by administering loading 
doses calculated on the basis of lean body 
weight rather than by actual weight. 


Heparin decay during hypothermia is rel- 
atively insignificant. Because decay is so 
profoundly reduced and heparin redoses 
only serve to raise the level of the plateau, 
redoses during hypothermia could be mark- 
edly reduced or eliminated entirely. Ideally, 
redoses should be based on monitored hepa- 
rin levels. 


Previous studies of heparin activity dur- 
ing normothermia!.5.9? revealed an exponen- 
tial pattern of decay. Our patients had lin- 
ear decay patterns after rewarming to 37? C, 
which may be the result of exposure to hypo- 
thermia. Alternatively, the linear segments 
may simply represent short portions of an 
exponential decay curve. This might ex- 
plain why patients with higher heparin 
levels after rewarming had more rapid decay 
rates than those with low levels. 


Neutralizing heparin with 1 mg prota- 
mine per mg of measured circulating hepa- 
rin avoids the use of excess protamine. 
While excess protamine is known to act as 
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an anticoagulant in-vitro, Ellison has dis- 
puted the possibility of this effect in- 
vivo.13-15 Ellison advocates a protamine dose 
of 1 mg/kg of heparin given during bypass 
to avoid heparin rebound, which he ob- 
served in 3/6 patients receiving half that 
dose.1314 The clinical significance of 
Ellison’s findings regarding heparin rebound 
and the benign nature of protamine is dis- 
puted by other workers. Guffin and cowork- 
ers,!^ in a study of 60 patients, showed that 
postoperative bleeding was decreased by 
approximately 50 percent by reducing pro- 
tamine from the dose recommended by 
Ellison to the lower dose with which Ellison 
observed rebound. 


In a study of 92 patients whose heparin 
was not neutralized, Castaneda!* showed a 
return of Lee-White clotting time to normal 
within 4 hours after bypass. He observed 
no cases of unexpected postoperative bleed- 
ing. Other adverse effects of protamine in- 
clude myocardial depression, 80 percent re- 
duction in platelet count,!518-19 and sludg- 
ing due to red cell aggregation with conse- 
quently increased vascular resistance,!* in- 
cluding an increase in pulmonary artery 
pressure of up to 121 percent and pulmo- 
nary venous pressure of 134 percent. 15-2? 


While further studies of the relevance of 
heparin rebound and protamine excess 
would be useful, the weight of the evidence 
supports the use of the method of heparin 
neutralization presented in this study, in 
which no more protamine is given than is 
necessary to reverse the heparin. 


CONCLUSIONS 


The results of this study contain clinically 
important implications regarding the use of 
heparin for open-heart surgery. In order to 
achieve uniform initial plasma levels, load- 
ing doses of heparin should probably be 
based on lean body weight. Heparin decay 
during hypothermia is relatively insignifi- 
cant. Therefore, redoses during this period 
may be reduced or omitted. Following re- 
warming, heparin decay becomes significant, 
but the decay rates are highly variable from 
patient to patient. Heparin can be accu- 
rately neutralized by 1 mg protamine per 
mg circulating heparin. Because of the in- 
fuence of temperature and patient weight 
on heparin activity during bypass, accurate 
control and reversal of heparin requires on- 
going analysis rather than any 1l dosage 
protocol. 
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Guest Discussion 


D. DAVID GLASS, MD 
Department of Anesthesiology 
University of Mississippi Medical Center 
Jackson, Mississippi 


I congratulate Dr. Cohen and his col- 
leagues on a thoughtful and significant con- 
tribution to an area of medicine that has 
had much of its practice based on "visceral" 
data and anecdotal information. I would 
like to emphasize a few aspects of their 
paper and draw some comparisons with in- 
formation presently available in the litera- 
ture. 


The most important point to emphasize is 
their finding of a variable patient response 
to fixed heparin doses by quantitation of the 
thrombin time. We all learned in basic 
pharmacology that any group of individuals 
has a "bell-shaped curve" response to drugs, 
but our clinical practice as physicians has 
not shown our understanding of this basic 
concept. As anesthesiologists we  titrate 
drugs based on response probably more than 
most areas of medicine, but this demon- 
stration by Dr. Cohen seems somehow over- 
due. 


His information supports in a quantita- 
tive way recent data by Bull and his col- 
leagues,! who measured heparin activity by 
the less exact, but nonetheless clinically 
meaningful, technic of activated clotting 
time. The individual patient variation in 
that study was further accentuated by a 
variety of rigid protocols for heparin admin- 
istration. The findings by Dr. Cohen that 
the obese patient has a relatively smaller 
heparin space emphasizes the importance 
of lean body mass for drug distribution and 
that this is important for heparin as well. 
There are, however, some areas in this re- 
port that are at odds with reports by previ- 
ous investigators. 


The use of the thrombin clotting time by 
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Dr. Cohen showed a marked cessation of 
heparin metabolism at 26 to 28°C. Bull’s 
group! found such a small and unpredict- 
able decline in metabolism of heparin that 
it was not considered significant at 30°, 
using the activated clotting time. Wright 
and coworkers,” in a rather gross estimation 
of heparin activity, did demonstrate marked 
cessation of metabolism in dogs and man 
with hypothermia, as have others, but Dr. 
Cohen has quantitated this plateau more 
accurately. Although temperatures were not 
exactly comparable, it would follow that 
metabolism of heparin, like other drugs, 
would be slowed, even though Bull’s study 
did not show this. 


The use of the calculated amount of hepa- 
rin remaining after bypass to determine the 
protamine required to neutralize it vielded 
insignificant errors in actual residual hepa- 
rin in the present study. This led to a con- 
siderably reduced protamine dose, Ellison 
and colleagues? looked at the effects of 
excess protamine on the coagulation system 
and found that doses of 800 mg/70 kg pro- 
duced minimal effects on coagulation. How- 
ever, they did not measure a platelet count, 
which has been shown by Gans and 
Castaneda and others to be reduced follow- 
ing protamine administration, 


Ellison?-*^ used, among other tests, the 
protamine titration method of quantitating 
the remaining heparin for neutralization. 
All patients who received protamine (about 
0.5 mg) for each 1 mg of heparin given ( pre- 
sumably a result of heparin decay) demon- 
strated anticoagulation (heparin rebound) 
by their criteria. In 3/6 with low-dose pro- 
tamine, clinical bleeding required more pro- 
tamine up to 5 hours following the initial 
reversal. 


Patients in Dr. Cohen’s report, however, 
received an even lower protamine/cumula- 
tive heparin dose (0.3 mg/1 mg), and none 
had postoperative bleeding complications. 
To add to the controversy, Guffin's group? 
recently evaluated low-dose protamine based 
on heparin decay and found a marked re- 
duction in chest drainage and operating 
time along with improved coagulation stud- 
ies when compared with a 1 mg/1 mg pro- 
tamine-to-heparin ratio. This information is 
in direct conflict with data from Ellison and 
others. 


The question remains as to why such 
diverse results can be obtained with similar 
operations, drugs, and patient populations. 


E 
570 


Part of the answer lies in the nonstandard- 
ized mechanism of looking at aberrations in 
the clotting mechanism. Small changes are 
not easily measured with the usual PT or 
PTT determinations, and it becomes diffi- 
cult to equate data using some other of the 
large variety of additional tests available. 
We have noted in our coagulation studies a 
difference in consistency of coagulation re- 
sults by merely changing the commercial 
supplier of reagents. Similar differences 
may occur from institution to institution 
using different reagents or slightly different 
tests. 


In addition, the question of the amount of 
procoagulant activity existing from patient 
to patient is very difficult to evaluate. While 
a thrombin clotting time, as used by Dr. 
Cohen, gives a quantitative amount of hep- 
arin remaining in the plasma, it may not 
always assess the amount of in-vivo proco- 
agulant stimulus that may exist. On the 
other hand, the activated clotting time gives 
a semiquantitative determination when the 
patient serves as his own control of overall 
coagulant activity but is not nearly as accu- 
rate in determining the amount of heparin 
actually available for antagonism in the 
serum. The activated clotting time does 
have the advantage that it can be performed 
by the person giving anesthesia or the pump 
technician, and many of the other tests, like 
thrombin time, require a technician. Cer- 
tainly the ability to neutralize any substance 
on a molecular basis is most inviting, and 
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the recent clinical findings relating to excess 
protamine are difficult to ignore. 


AM of this suggests that perhaps some 


other factor, such as vasoconstriction, iow 
cardiac output, or type of pharmacologic 
support, not yet appreciated, may be play- 


ing an important role in the coagulation 
system in the postoperative cardiac surgical 
patient and leading, at least in part, to the 
discrepancies in data. All of these confusing 
factors aside, the contribution of studies like 
Dr. Cohen's, which now quantitates the 
patient's dose response and actual heparin 
level, can only lead to a more unified ap- 
proach to solving this multifaceted problem. 
I commend Dr. Cohen and his colleagues 
for a well-done study. 
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RESPIRATORY FAILURE. Disseminated intravascular coagulation has been suggested 
as a cause of acute respiratory failure (ARF) in critically ill patients. To test this 
hypothesis the authors evaluated the relationship between coagulation factors and ARF 
in 8 patients. No abnormality in platelet concentration, fibrin-split product concentration, 


fibrinogen concentration, prothrombin time 
ARF. Mean platelet concentration decreased 


occurred during the period of most severe 


or activated partial thromboplastin time 


and fibrin-split product levels increased on the 4th day of ARF but venous admixture 


was decreasing at this time. 


These data fail to support the concept that a cause and 


effect relationship exists between disseminated intravascular coagulation and ARF. 
(Douglas ME, Downs JB, Dannemiller FJ et al: Acute respiratory failure and intra- 
vascular coagulation. Surg Gynecol Obstet 143-555-560, 1976) 
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The Anesthetic and Perioperative Management of a Patient 
with Documented Hereditary Angioneurotic Edema 


PHILIP S. GIBBS, MD* 
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S. S. MOORTHY, MD1 
CHARLES E. HUTTON, DDSS$ 
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Indianapolis, Indiana! 


A patient with documented hereditary angio- 
neurotic edema was admitted for elective surgi- 
cal extraction of 3 impacted 3rd molars under 
local anesthesia. In order to increase his 
C'I-INH level, he was prepared for operation 


H 5» RY angioneurotic edema 
(HANE) is a rare and little under- 
stood genetic disorder of the complement, 
kinin generating, and fibrinolytic systems. 
The clinical syndrome may manifest itself 
as brawny, nonpitting edema and erythema 
of the extremities, abdominal pain and diar- 
rhea, and/or facial and airway edema.! This 
last manifestation of the disease is the most 
potentially life threatening? and of greatest 
concern to the anesthesiologist. The trig- 
gering event for the angioedema frequently 
is trauma, which may vary from mild (typ- 
ing, hammering, or vibration) to severe 
(blunt force or surgical manipulation).? Oc- 
casionally, attacks appear spontaneous. 


We present the case of a patient with doc- 
umented HANE who was scheduled for 
elective surgery, with a discussion of his 
preoperative preparation, intraoperative 
course, and postoperative management. 

CASE REPORT 

A 21-year-old Caucasian man was admit- 

led for surgical extraction of 3 impacted 


* Assistant Professor of Anesthesiology. 
tAssociate Professor of Anesthesiology. 
tAssistant Professor of Anesthesiology. 
3 Professor and Chairman of Oral Surgery. 


with 2 units of fresh-frozen plasma 24 hours 
preoperatively. Postoperatively, he was ob- 
served in the ICU for 24 hours and on the ward 
for 2 days, and was discharged without any 
complications from the surgical trauma. 


3rd molars. 'The patient had a 4-year history 
of documented HANE. Over the previous 
4 years, he had had multiple episodes of 
painless erythematous swelling of the hands 
and feet, usually lasting up to 3 days. Vibra- 
tion, such as when using a power mower or 
riding a motorcycle, had been the most com- 
mon cause of these episodes. Abdominal 
pain or facial and airway swelling had never 
been noted. His family history was negative 
for similar problems. 


Laboratory tests had confirmed HANE 
3 years prior to this admission, with the 
following findings: C'3 level, 24 mg/ml 
(N = 143 + 0.46 mg/ml: range 0.97 to 
1.9**); C'4 level, 0.145 mg/ml (N = 0.2 to 
0.6 mg/ml**); C'1 esterase inhibitor (C'1- 
INH) by immunoelectrophoresistt showed 
no precipitin line. The low C’4 level and 
the absence of a normal C'1-INH precipitin 
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*rAnti-C'1-INH serum, Miles Laboratory, Elkhart, 
Indiana. 
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line were considered strongly suggestive of 
the syndrome. . 


At that time he was referred to Dr. V. 
Donaldson, who confirmed the diagnosis and 
advised steroid treatment. Thereafter, the 
patient did well on oral testosterone, taking 
no medication except methyltestosterone 
(10 mg) buecally (Oreton® buccal tabs) 
each morning for prophylaxis. 


Admission physical examination revealed 
no abnormalities except for the 3 impacted 
3rd molars, His admitting hematologic find- 
ings were normal, again with the exception 
of a low C'4 and no C'1-INH precipitin line 
on immunoelectrophoresis. 


At 2200 hr on the evening before opera- 
tion, the patient received 2 units (400 ml) 
of fresh-frozen plasma IV over a 2-hour pe- 
riod. He was given nothing by mouth after 
midnight and no preoperative sedation. On 
arrival at the surgical suite the next morn- 
ing, an infusion of lactated Ringer's solution 
was begun via a Teflon-IV catheter, ECG 
leads were attached, and a blood-pressure 
cuff placed. 


To anesthetize the surgical areas, local 
anesthesia (propoxycaine 0.4%, procaine 
2907. and levo-nordefrin 1:20,000) was ad- 
ministered, and the 3 teeth were extracted 
in 20 minutes. An anesthesiologist was in 
constant attendance and monitored the pa- 
tient's vital signs. The patient was returned 
to the recovery room for 1 bour of observa- 
tion and then transferred to the intensive 
care unit for further observation. His course 
was uneventful for 24 hours and he was then 
transferred to the ward, going home after 
2 more days. No erythema or edema was 
noted other than that normal to the surgical 
manipulation. The patient expressed no 
complaints of swelling, dysphagia, voice 
change, or airway obstruction. 


DISCUSSION 


Alihough the clinical entity of HANE 
was first reported in 1882 by Quincke and 
its hereditary character was described by 
Osler in 1888, the biochemical mechanism 
was not described until 1963. The disease 
appears to be of a Mendelian autosomal 
dominant inheritance, characterized by a 
deficient or abnormally functioning C'1-INH 
and associated low levels of C'4. Although 
the exact mechanism is not yet clear, it 
appears that the absence of C'1-INH results 
in a markedly accelerated rate in the kinin- 
producing cascade. This, in turn, produces 
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a relatively uncontrolled local edema reac- 
tion to even minor tissue trauma. 


The type of trauma required to initiate 
the life-threatening airway edema may vary 
greatly. Dental surgery, orolaryngologic pro- 
cedures, and endoscopic manipulations are 
known to precipitate attacks. Occasionally, 
attacks of peripheral edema may move cen- 
trally and produce airway obstruction. Usu- 
ally, there is a history of trauma temporally 
associated with the attack. However, some 
attacks may be precipitated by emotional 
upset or anxiety. 


Laboratory confirmation of hereditary an- 
gioedema involves assay of the proteins of 
the complement system, as described above. 
Of particular concern to anesthesiologists is 
the short-term prophylaxis of attacks. Epsi- 
lon-aminocaproic acid (EACA) therapy has 
reportedly been instituted 2 to 3 days before 
planned oropharyngeal surgery or traumatic 
procedures.’ An alternative method involves 
the infusion of 2 units of fresh-frozen plasma 
as a natural source of C'1-INH, 24 hours be- 
fore the planned procedure.! In one series," 
no patients had attacks following dental 
surgery using this protocol. 


In the treatment of an acute attack, in- 
volving serious airway obstruction, cortico- 
steroids, antihistamines, and epinephrine 
are commonly ineffective. Fresh-frozen plas- 
ma during an acute attack may, in fact, be 
contraindicated, since it would provide addi- 
tional complement components and might 
transiently “refuel” an ongoing attack.* In 
general, since the course of attacks involving 
the airway takes time to develop, patients 
will display progressive signs of obstruction. 


A partial airway obstruction of only 3 to 
4 hours duration is best managed by careful 
observation, institution of EACA therapy, 
and the traditional therapy of edema Cepi- 
nephrine, etc). If, however, such attacks 
persist for prolonged periods (eg, several 
days) without resolution, the airway should 
be secured. Endotracheal intubation is pre- 
ferred, if possible. If this fails, tracheostomy 
is the alternative. With EACA and/or hor- 
monal therapy," the attacks usually subside 
in 24 to 72 hours.’ 
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This case report illustrates clearly the 
fact that a patient with this potentially dan- 
gerous medical problem can undergo dental 
surgery without complications, if the disease 
State is understood and adequate precau- 
tions are taken in advance. 


In patients with HANE, immunochemical 
studies distinguish 2 variants of C'I-INH 
deficiency: 85 percent of the affected people 
have low serum concentrations of the inhibi- 
tor substance itself; the remainder ( variant 
form) have normal or elevated levels but 
the inhibitor substance is inactive.! 


In the 1st group, patients show, besides 
the decreased level of C'1-INH and of C'4,? 
normal amounts of C'3 and C'l;; patients 
with the variant form have normal or ele- 
vated levels of C'I-INH (but lack inhibitor 
activity) and also have low C’4 and normal 
C'3 and C'1,. Acquired C'1-INH deficiency 
has been described with and without the 
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clinical changes of angioneurotic edema, 
with low C’l-INH and low C'4 levels, as 
well as low or normal C’l,, usually in pa- 
tients with malignant disease? ( lymphosar- 
coma, chronic lymphocytic leukemia). 


In the allergic variety of angioneurotic 
edema, in contrast to the hereditary, all the 
complement values are normal, and anti- 
allergic measures (avoidance of allergens as 
found in certain contacts, foods, or medica- 
tions, and the use of antihistamines and 
epinephrine) are of therapeutic value; in 
the HANE variety, these measures do not 
give rapid relief to the patient. 


The diagnosis of HANE should be sus- 
pected in patients with angioedema that 
cannot be explained on the basis of IgE- 
mediated mechanisms or controlled by anti- 
allergic measures, especially if a low C 4 
level is found as well as typical immunoelec- 
trophoretic changes.* These patients should 
be identified adequately (for instance, wear 
a Medic-Alert tag), to avcid confusion and 
time loss in case of sudden attacks in un- 
familiar environments. 
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Case History Number 97: 


Core Rewarming by Peritoneal Irrigation in 
Accidental Hypothermia with Cardiac Arrest 


BRYAN G. PICKERING, MD* 
GERALD K. BRISTOW, MD} 
DOUGLAS B. CRAIG, MD{ 


Winnipeg, Manitoba, Canada 


A’ 0830 hours January 1, 1977 a 20-year- 
old, lightly clad woman was found 
outdoors, seemingly dead. Ambient temper- 
ature was —36° C. Duration of exposure to 
cold was unknown. Subsequent history only 
established the fact that the victim had 
been consuming alcohol several hours earli- 
er. Shortly after discovery, she was con- 
veyed by ambulance to the emergency unit 
of the Winnipeg Health Sciences Centre, 
several minutes away. Ambulance attend- 
ants noted several gasping respirations but 
no other signs of life. 


Upon arrival in hospital, the patient was 
clinically dead. She was apneic, had no 
detectable pulse or heart sounds, and had 
dilated, fixed pupils. Extreme muscle stiff- 
ness was present, and her skin was very cold 
to the touch. Rectal temperature, measured 
by an electronic thermistor probe inserted 
10 cm into the rectum, was 26.4? C. An ECG 
monitor revealed coarse ventricular fibrilla- 
tion. 


In spite of the seemingly hopeless situa- 
tion, it was decided to aggressively pursue 
resuscitation. Significant events and find- 
ings during resuscitation are summarized in 
the figure. Manual ventilation with 100 


percent O, was begun via a tracheal tube, 
using a self-inflating bag. Closed-chest car- 
diac massage was instituted, intravenous 
lines were established and a bladder catheter 
was inserted. Two early attempts at de- 
fibrillation using maximal defibrillator pewer 
output (320 watt-seconds) were not suc- 
cessful. 


Surface warming was initiated using a 
circulating water blanket (40° C). Normal 
saline solution (37? C) was administered 
intravenously and by gastric lavage. In spite 
of attempts at warming, the rectal tempera- 
ture fell almost 1? C before returning to the 
admission level. Further attempts at ven- 
tricular defibrillation were unsuccessful. Ap- 
proximately 2 hours following admission a 
peritoneal catheter was inserted in the right 
lower quadrant. 'Two litres of Dianeal K 1.5 
percent (38? C) were run in over 15 min- 
utes, then immediately drained. This pro- 
cedure was repeated 3 times in the follow- 
ing 114 hours. During the course of peri- 
toneal irrigation her temperature rose trom 
26* C to 32? C. 


At a rectal temperature of 32? C, defibril- 
lation was accomplished, more than 314 
hours after the onset of cardiac arrest. Sinus 
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Fic. Summary of events, measurements and treatment during first 25 hours of hospital admission. 
Arterial blood gas results are corrected to body temperature. 


tachycardia followed, with a blood pressure 
of 100/70 torr. Peritoneal irrigation was dis- 
continued, and the patient was transferred 
to an intensive care unit. She was then 
making purposeful movements, but was not 
fully conscious until 16 hours after admis- 
sion at which time her core temperature 
was 38? C. 


Her serum ethanol level in blood taken 
at admission was 300 mg percent. Apart 
from moderate hypokalemia (serum potas- 
sium 2.9 mEq/l) no biochemical abnormal- 
ity was detected during recovery. There was 
no evidence of renal failure nor of dissemi- 
nated intravascular coagulation. 


The patient's recovery was remarkably 
uneventful. During the first 48 hours she 
had evidence of a right upper and right mid- 
dle lobe pneumonia, possibly on the basis 
of aspiration and early signs of congestive 
heart failure, both of which spontaneously 
resolved. There were areas of frostbite on 
her hands, feet and buttocks, which healed 


spontaneously with the exception of small 
areas on her buttocks which required skin 
grafting during a subsequent admission to 
hospital. There appeared to be no loss of 
intellect or change in behavior at the time 
of final discharge. 


Discussion 
GERALD K. BRISTOW, MD, FRCP( C) 


This case demonstrates the importance of 
a previously enunciated rule in dealing with 
individuals apparently dead from hypother- 
mia. Although clinical death may appear 
obvious initially, that judgment can correct- 
ly be made only after failure to revive, once 
rewarming has occurred. It is well known 
that hypothermia reduces whole body and 
specifically cerebral oxygen requirements.!.? 
In so doing, the biological survival time af- 
ter circulatory arrest is prolonged from the 
customarily accepted time of 5 minutes at 
37° C.? In addition, modest levels of ethan- 
ol depress cerebral oxygen requirements? 


* 
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Including this and an earlier case from this 
institution? there have now been 12 case 
reports of resuscitation from cardiac arrest 
due to moderate accidental hypothermia.’ !* 


Successful resuscitation from  cardiore- 
spiratory arrest due to accidental hypother- 
mia presents many special problems. The 
initial and perhaps most difficult is the de- 
cision to initiate resuscitation, recognizing 
that at low body temperatures clinical death 
is not synonymous with biological death. 
Once this decision is made the major prob- 
lem becomes that of raising the core tem- 
perature. 


It is well-known that the healthy human 
heart fibrillates at a core temperature of 
between 26-28° C.!^ Furthermore, this fibril- 
lation usually can not be reversed until the 
core temperature is raised approximately 
2? C above the temperature at which fibril- 
lation occurred.? This is a difficult under- 
taking as attempts at surface or shell re- 
warming usually are not only slow but often 
result in an initial drop of the core tempera- 
ture before rewarming occurs.!93? Both of 
these features were noted in this case. The 
“afterfall” in core temperature is presumed 
to be due to recirculation of cold surface 
blood to the warmer core area. Several 
methods of direct “core first" warming have 
been suggested in an attempt to overcome 
this problem. These methods include open- 
ing of the chest and irrigating the pericar- 
dium with a warm solution,^' the use of 
extracorporeal circulation,?.! 1.1? hemodialy- 
sis, and 1 previous case of the use of 
peritoneal irrigation.’ Although in that case 
the peritoneal irrigation resulted in a very 
slow rate of core temperature rise, it gave 
impetus to the use of the method in the 
present case. Patton and Doolittle have 
shown that peritoneal irrigation can be used 
to rapidly raise the core temperature of dogs 
cooled to 25° C.!* Furthermore, this method 
of core rewarming has been used in a num- 
ber of individuals suffering from accidental 
hypothermia without cardiorespiratory ar- 
rest.*? 


It is our opinion that in the dire circum- 
stances of cardiac arrest due to accidental 
hypothermia, peritoneal irrigation repre- 
sents, in most cases, the method of choice 
for rapid core rewarming. The reasons for 
this conclusion are: 


1. Except in those relatively few areas 
where extra-corporeal circulation can 
be instituted rapidly, peritoneal irri- 
gation represents the fastest means of 
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raising the core temperature to a level 
where ventricular fibrillation may be 
reversed. If extra-corporeal circulation 
is immediately available, it woulc of 
course provide better circulatory as- 
sistance than external cardiac mas- 
sage. i 


2. The morbidity associated with peri- 
toneal catheterization, even by physi- 
cians not trained in this procedure, 
should be low. 


3. This modality of treatment should be 
universally applicable, even in small 
rural hospitals. Peritoneal catheteriza- 
tion can be accomplished not only 
with a specific peritoneal catheter but 
even with a small chest tube cr a 
bladder catheter. Furthermore, spe- 
cial solutions designed for peritoneal 
dialysis need not be used. Iso-osmolar 
solutions such as alternating lactated 
Ringer’s solution and 5 percent dex- 
trose in water, warmed by passage 
through a water bath, are suitable. 


In summary, this case illustrates 2 im- 
portant points. Victims of cardiac arrest 
due to hypothermia should not be written 
off when initially seen on the basis of signs 
of clinical death. Peritoneal irrigation with 
warmed fluids represents a safe and rapid 
means of core body rewarming. 


Comment 
DOUGLAS B. CRAIG, MD, FRCP(C) 


The accompanying case history dramati- 
cally illustrates the problems of manage- 
ment of circulatory collapse due to acciden- 
tal hypothermia. A young woman clinically 
dead on arrival in hospital, with a core tem- 
perature of less than 27? C, survived more 
than 314 hours of cardiac arrest and recov- 
ered without major sequelae. 


The first important message is the re- 
minder that resuscitation attempts should 
not be abandoned for hypothermic patients, 
even though they demonstrate signs that in 
the normothermic state indicate irreversible 
cellular damage. Successful resuscitation 
may require several hours of rewarming and 
supportive therapy. 


The second point demonstrated is the use 
of peritoneal irrigation with warmed fluid 
as part of the rewarming procedure. This ef- 
fective technic is readily available without 
the need to rely on special equipment or 
expertise and can be used along with other 
methods of core and surface rewarming. 


Case History #97 . . . Pickering, et al 


Application of the information contained 
in this case history should lead to increased 
survival in victims of accidental hypother- 
mia with cardiac arrest. 
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A PEEP Device for Anesthesia Circuits 


DUKE B. WEEKS, MD* 
PAUL B. COMER, MDT 


Winston-Salem, North Carolina 


N CRITICAL care or intensive care units, 

patients with the adult respiratory dis- 
tress syndrome (RDS) often are treated 
with positive end-expiratory pressure 
(PEEP).'? However, when they require an 
operation, they may only be given O, intra- 
operatively because the anesthesiologist has 
no efficient method of providing PEEP. The 
presently available methods require cum- 
bersome water seals,*° or specially con- 
structed valves.9 Therefore, we have evalu- 
ated the clinical use of a commercially 
available apparatus that is easily integrated 
into standard anesthesia circuits to provide 
PEEP during the administration of anes- 
thesia. 


METHOD 


The Boehringer Laboratories PEEP valve§ 
was tested with 3 anesthesia systems: the 
Sierra nonrebreathing valve; and 2 semi- 
closed-circle systems, the Ohio Medical 
Absorber (Model 20) and the Foregger 
adult anesthesia machine. Airway or ma- 
chine gas pressures at PEEP levels of 5, 10, 
and 15 cm H,O were measured from circuit 
taps connected to a low-pressure transducer 
and amplifier, and recorded on an ECG 


im 


$€Model 4801, Boehringer Laboratories, Wynnewood, 
Pennsylvania 19096. 
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recorder at a paper speed of 25 mm/min. 
All patient equipment was sterilized before 
use. 


Measurements were obtained from 8 ASA 
class-I surgical patients who required gen- 
eral anesthesia. All patients had endotra- 
cheal tubes in place and their respirations 
were controlled. For all studies, the PEEP 
valve was set vertically either into the 22- 
mm connection of the Sierra nonrebreathing 
valve by a rubber bushing at the expiratory 
port or by using an elbow connector* (fig 1) 
between the exhalation valve and the patient 
in the circle systems. 


In the semiclosed-circle systems, pressure 
measurements were recorded within the cir- 
cle and in the fresh gas line, and the meas- 
urements were compared with the PEEP 
values listed by the manufacturer. In addi- 
tion, observations were made to detect any 
retard-effect by the valve when it was used 
within any of the anesthesia systems studied. 


RESULTS 


All patients tolerated the administration 
of PEEP without significant alterations in 
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Fie 1. PEEP (5 cm H,O) applied to semiclosed- 
circle system. 


blood pressure or heart rate. In all 3 Sys- 
tems, the Boehringer valve served as a desir- 
able PEEP system, in that an expiratory 
retard-effect was absent (fig 2). Measured 
PEEP values agreed with those listed by 
the manufacturers. Insertion of the Boeh- 
ringer valve did not alter the characteristics 
of the nonrebreathing valve, and PEEP was 
produced at the patient's airway. However, 
PEEP was provided only when the valve 
was vertical; in the nonvertical position, the 
ball valve malpositioned so that gas flow 
generated no PEEP. 


emiclosed-circle machines, PEEP 
similar (fig 2), but the back 
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Fie 2. PEEP recording with semiclosed-circle 
system: (a) inspiratory phase; (b) expiratory phase 
demonstrating oscillations as circle valves seat 
against pressure; (c) PREP phase demonstrating 
no.significant retard-effect of PEEP valve. 'The 
scale is measured in torr. 
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pressure in the inflow gas line differed. In 
the Ohio circle, PEEP was reflected by the 
canister pressure gauge and corresponded to 
measured values. However, the pressure in 
the inflow gas line did not correspond to 
circle-system values, but rose and fell nor- 
mally with reservoir-bag pressures without 
PEEP. This effect was due to the alternate 
route for fresh gas provided by the Ohio 
System. Instead of being directed through 
the inspiratory limb, the inflow gas could 
pass directly across the soda-lime canister 
to the reservoir bag. 


On the other hand, the Foregger-system 
pressure gauge did not redtect PEEP values 
in the circle because of the position of the 
manometer in the system. In addition, con- 
tinuous PEEP was present in the inflow gas 
line because inflow gas enters the inspira- 
tory limb of the circuit proximal to the 
inspiratory valve. 


DISCUSSION 


Each of the described Systems faithfully 
produced PEEP and, consequently, each 
could be used clinically. The Sierra valve 
System is useful while transporting a patient, 
as from the intensive care unit to the oper- 
ating room or the x-ray department. During 
anesthesia, when the semiclosed-circle SyS- 
tem is desired, the simplest and easiest 
method for applying PEEP is by inserting 
the Boehringer valve in a vertical position 
between the patient and the circle exhala- 
tion valve (fig 1). 


The establishment of PEEP in the circle 
system may be reflected in the anesthesia 
machine lines as back pressure, altering 
flowmeters and vaporizers that are not back- 
pressure compensated. The manufacturers 
of the Ohio and the newer Foregger ma- 
chines have changed the design of the ma- 
chines to compensate for this back pressure., 
If inflow gas into the patient circle is im- 
peded by pressure gradients, the gas follows 
an alternate route through the CO.-absorber 
canister to the compliant anesthesia bag, 
thereby dampening the back-pressure effect. 
However, the Foregger machine used in this 
study (and all Foregger models manufac- 
tured before January 1976) does not com- 
pensate for the PEEP produced, and a con- 
Stant back pressure during expiration is 
transmitted to the machine. This is in con- 
tradistinction to the “pumping” effect pres- 
ent during positive-pressure respiration in 
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the inspiratory phase, which increases va- 
porizer output." : 


We have been advised by the Foregger 
Company that the back-pressure effect of 
PEEP, at least to levels as great as 27 cm 
H,O, is of little clinical significance in their 
machines. In any case, however, the prob- 
lem is readily solved by replacing the in- 
spiratory dome valve assembly on the 
Foregger machine with a new unit.* 


Since the Boehringer valve performs as 
a true PEEP valve with these anesthesia 
systems, without exhibiting a retard-effect 
on expiration, its use should have minimal 
adverse effect on venous return in patients 
with adult RDS. The valve is inexpensive 
and easily applied to the expiratory limb 
of an anesthesia system, requiring only that 
it be in the upright position to be effective. 





*Inhalation dome valve, catalog #7-938-001, Foreg- 
ger-Air Products, Allentown, Pennsylvania 18101. 
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A Magnetic PEEP Valve 
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DAVID E. SMITH, LCDR (MC) USNT 
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San Diego, California§ 


IDESPREAD use of positive end-expira- 

tory pressure (PEEP) has led to a 
proliferation of devices used to apply this 
pressure. Several of these are elaborations 
of the simple water column which was origi- 
nally described.!? Others utilize the attrac- 
tion of gravity to provide a variable pres- 
sure.3-> Commercial valves use several dif- 
ferent methods of creating PEEP, but most 
of these are expensive.? We describe here a 
PEEP valve| which uses magnetic attrac- 
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tion to deliver PEEP, and which we believe 
offers certain advantages. 


DESCRIPTION 


The valve (fig 1) is constructed of pely- 
vinylchloride, is 12.5 cm in length with a 
largest diameter of 5 cm, and weighs about 
168 gm. The outer housing is separable and 
the components are easily disassembled for 
cleaning. Tapered connectors at either end 
readily adapt to most sizes of ventilator 
tubing. 
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Fic 1. Photograph of PEEP valve. Upper picture: 





Assembled valve cover. Lower picture: Unit 


disassembled. Knurled thumbscrew turns to adjust the level of PEEP. 


The principle of the valve is best under- 
stood by reference to figure 2. Attraction 
between a magnet and a metal disk seats the 
valve. The force of this magnetic attraction 
is inversely proportional to distance; there- 
fore, the force which seats the valve may be 
varied by adjusting the distance between 
the magnet and the disk. This is done by 
turning the knurled thumbscrew which 
moves the magnet on the threaded column. 
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Fre 2. Schematic drawing of PEEP valve. Upper 
diagram: Interior of valve in longitudinal section. 
Magnet (M) attracts metal disk at left of magnet, 
seating valve. Adjustment of thrumbscrew varies 
distance between magnet and disk, varying level of 
PEEP. Lower illustration: Cross-section of valve 
at level of dashed line in upper diagram. 


PEEP may be varied from 0 to 35 cm 
H.O by adjusting the thumbscrew. When 
PEEP is applied during quiet ventilation, 
the valve does not open fully during expira- 
tion. In this way, the valve provides an 
expiratory retard under usual circumstances. 
With high expiratory pressures, as might be 
generated by a cough, the valve opens wide- 
ly to accommodate the increase in flow. 
Resistance through the wide open valve is 
1.4 cm H,O/1/sec, a value which is less 
than normal airway resistance. On most 
ventilators, the level of PEEP may be read 
directly from the pressure gauge on the 
ventilator. In other circumstances (e. g. 
when used with a Bennett PR-2 or with a 
circle anesthesia system) the valve may be 
pre-set to deliver a desired level of PEEP 
or a separate pressure gauge may be at- 
tached to the expiratory limb of the breath- 
ing apparatus. Once set the valve delivers 
a stable level of PEEP and is unaffected by 
moisture. 


ADVANTAGES 


The use of this valve avoids some of the 
problems which may be encountered by the 
use of a water column. There is neither 
spillage nor potential for a reservoir of 
water-borne infection. Further, the collec- 
tion of expired gases for analysis is not in- 
fluenced by passage through water. In addi- 
tion, since gravity does nct affect the mag- 
nitude of PEEP delivered by the valve, 
special brackets and positioning are not re- 
quired. The valve is small, and is adaptable 
enough to be convenient. 
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COMMENT 


For the past 2 years, we have used this 
PEEP valve extensively in both the inten- 
sive care unit and in the animal laboratory. 
Ease of adjustment has been a particular 
advantage in those patients in whom the 
level of PEEP must frequently be changed, 
and in investigational studies which use 
varied levels of PEEP. It has also found 
use in the operating room and in transport 
of patients who require PEEP. 


We believe the valve to be a useful addi- 
tion to the armamentarium of the physician 
attending patients who would benefit from 
positive end-expiratory pressure. 


* 
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Use of the Tuohy Needle in Paramedian 
Approach for Peridural Block 
CLEOMENES BARRETTO, MD* 


ROBERT HOOK, MD? 
CHENG HOCK SEAH, MD¢{ 


New Haven, Connecticut§ 


È THE paramedian approach for peridural 
block, as described by Bonica! in 1956, 
an 18-gauge short-beveled needle (Craw- 
ford) is inserted laterally to the spinous 
process in a cephalad direction and ap- 
proaches the ligamentum flavum in the mid- 
line. Use of the Tuohy needle for this 
approach has not previously been reported. 
This needle, because of its curved point, 
appears to have advantages over the Craw- 
ford needle, as described following. 


METHODS 


With minor modifications in the original 
technic, continuous lumbar peridural anes- 
thesia, using 2 percent lidocaine with 
1:200,000 epinephrine, was administered to 
80 unselected adult patients in the lateral 
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position. A skin wheal was made 1.5 cm 
laterally to the middle of the spinous pro- 
cess, below the chosen interspace. As origi- 
nally described, the subcutaneous tissue, 
muscle, and periosteum of the lamina are 
infiltrated with local anesthetic, using a 25- 
gauge, 5-cm needle. 


A 16-gauge, 7.5-cm Tuohy needle was in- 
troduced perpendicular to the skin, with 
the bevel pointed laterally, in order to easily 
penetrate the paraspinal muscles, unti it 
touched the medial portion of the lamina. 
The depth of the lamina was then noted. 
The Tuohy needle was then withdrawn to 
the subcutaneous tissue and redirected me- 
dially and cephalad, toward the midline por- 
tion of the ligamentum flavum. With proper 
insertion, the needle makes approximately 
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a 45 to 60-degree angle with the skin and 15 
degrees with the sagittal plan and should 
be inserted up to the previously noted depth. 
The stylet was removed and a glass syringe 
with air, saline solution, or local anesthetic 
was attached. The needle was then slowly 
advanced, with the bevel cephalad, until the 
ligamentum flavum was felt and pierced, 
using a “loss of resistance" technic for 
identifying the peridural space, and a vinyl 
plastic catheter was inserted 5 cm beyond 
the tip of the needle. 


Following operation, 13 patients were 
x-rayed for study of the peridural catheter 
after dye (iophendylate; Pantopaque?) in- 
Jection, as described by Hehre's group.? 
Radiopaque Teflon catheters with stylet 
were used in 7 of the patients. This technic 
was used to provide anesthesia for various 
procedures at the lower abdomen and ex- 
tremity. Six patients weighed over 90 kg, 
including a 110-kg parturient. 


RESULTS 


In all patients, the needle was placed 
without difficulty and the catheter advanced 
with ease. Satisfactory anesthesia was ob- 
tained in all but 2 patients, in whom the 
catheter was improperly placed. No punc- 
ture of the dura occurred. 


Roentgenograms showed a cephalad posi- 
tion in all 13 catheters, 8 assuming an up- 
right position and 5 a slight lateral devia- 
tion, but still inside the peridural space, 
with incomplete anesthesia in 1 patient in 
this latter group. 


No coiled or looped catheters were seen 
on x-ray. The only postoperative complica- 
tion was mild backache in 2 patients. 


DISCUSSION 


Previous reports by Sanchez and cowork- 
ers and Bridenbaugh and colleagues‘ 
showed a high incidence of coiled or looped 
catheters, using either the midline approach 
with Tuohy needle or the paramedian ap- 
proach with conventional-pointed needle. 


A report by Muneyuki and associates? 
showed “that:the catheter curled or doubled 
back on itself in many cases, even when only 
9 to 10 cm were inserted into the epidural 
space." 


In our series, the angle used and the direc- 
tional point of the needle probably de- 
creased the chances of coiling or looping, 
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and also facilitated the insertion and ceph- 
alad' direction of the catheter. 


As first mentioned by Bonica and subse- 
quently by Muneyuki, the paramedian ap- 
proach overcomes the difficulty of advancing 
the catheter at a right angle to the dura 
when using the midline approach. In addi- 
tion, because of its curved point, the Tuohy 
needle, in the paramedian approach, natu- 
rally deviates the catheter cephalad, prob- 
ably with less chance of dural puncture 
(figure). 


Since incomplete anesthesia may be re- 
lated to the lateralization and length of the 
catheter inserted, we confirmed the fact that 
it seems unwise to thread more than 5 cm in 
the peridural space.’ 


We conclude that the use of the Tuohy 
needle in the paramedian approach for 
peridural anesthesia is reliabie and safe, and 
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Figure. Illustration shows that the paramedian 
approach overcomes the difficulty of advancing the 
catheter at a right angle to the dura in the midline 
approach. The curved point of the Tuohy needle 
in the paramedian approach naturally deviates the 
catheter cephalad without forcing the dura. Upper 
needle represents the midline approach; middle and 
lower needles represent the paramedian approach. 
1 = skin, 2= ligamentum flavum, 3 = dura. 
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that this technic has advantages when a 
cephalad position of the peridural catheter 
is desired. 
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Tracheal Insertion of an Esophageal Stethoscope 
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Kansas City, Kansas§ 


NSERTION of the esophageal stethoscope 
is now an almost routine procedure dur- 
ing general anesthesia. The following are 
reports of 3 cases in which the stethoscope 
was inserted inadvertently into the trachea 
instead of the esophagus, resulting in vari- 
ous difficulties during the course of anes- 
thesia. 


REPORT OF THREE CASES 


Case 1.—A 53-year-old man was scheduled 
for a 3-vessel aortocoronary bypass. The pa- 
tient was induced with diazepam followed 
by pancuronium to facilitate intubation with 
a #36 endotracheal tube. An 18-gauge eso- 
phageal stethoscope was inserted blindly 
prior to inflation of the endotracheal-tube 
cuff. Good breath and heart sounds were 
audible through the stethoscope. Adequate 
chest excursion was noted and there was no 
evidence of gas leakage in the oropharyn- 
geal area. 


No problems were encountered until car- 
diopulmonary bypass commenced. As is 
customary to maintain inflation of the lungs, 
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the gas flows were changed to O.-He ( 500 
ml/min each) to maintain 5 to 10 cm H,O 
pressure by adjusting the pop-off valve. 
However, complete closure of this valve 
would not maintain the desired pressure. A 


cursory check of the anesthesia circuit re- 


vealed a tight system up to the endotracheal 
tube. The pilot balloon of the endotracheal- 
tube cuff was well inflated. 'There was diffi- 
culty, however, in advancing or withdrawing 
the stethoscope. After deflating the cuff of 
the endotracheal tube, the stethoscope was 
withdrawn with ease and the cuff was re- 
inflated. 'The leak was no longer present. 


Case 2.—A 62-year-old man, scheduled 
for a laparotomy for intestinal obstruction, 
was intubated and a 24-gauge esophageal 
stethoscope was inserted blindly prior to 
inflating the endotracheal-tube cuff. Diffi- 
culty in maintaining sufficient volume in the 
rebreathing reservoir bag suggested a mod- 
erate leak but the source of the leak was 
sought without success. Also, no apparent 
leakage of gas could be detected in the oro- 
pharyngeal area. 
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Total anesthetic gas flow was increased 
from 5 L to 8 L/min, resulting in adequate 
filling of the bag and sufficient chest excur- 
sion. Heart and breath sounds were audible 
through the stethoscope. The operation pro- 
ceeded without difficulty. Because continu- 
ous mechanical ventilation in the ICU was 
needed for this patient, there was no plan 
for extubation at the conclusion of opera- 
tion. Prior to transfer, the stethoscope re- 
quired considerable force for removal, re- 
sulting in concomitant extubation of the 
endotracheal tube with the cuff still inflated. 
The patient was immediately reintubated 
without difficulty. 


Case 3.—'This was a 36-year-old man who 
was to have a nephrectomy. Intubation with 
a #36 endotracheal tube was facilitated by 
succinylcholine, the cuff was inflated, and 
breath sounds were equal bilaterally. A 24- 
gauge esophageal stethoscope was then in- 
serted blindly. However, the position of the 
stethoscope was not checked. Soon after, 
manual ventilation became totally inade- 
quate even with complete closure of the pop- 
off valve. An increase in anesthetic gas flow 
failed to provide adequate ventilation. Ex- 
amination of the anesthesia circuit revealed 
no leakage in the system up to the endo- 
tracheal tube. The endotracheal-tube cuff 
was maximally inflated in an unsuccessful 
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attempt to eliminate the leakage. Finally, 
difficulty in advancement or withdrawal of 
the stethoscope was noted. The endotra- 
chael-tube cuff was deflated and the stetho- 
Scope was easily removed. 


DISCUSSION 


The esophageal stethoscope is a simple 
and very useful monitoring device. However, 
because of its popularity and ease in using, 
one tends to frequently forget the possibility 
of misplacement and the complications that 
may result. 


Misplacement of the stethoscope could 
not always be prevented by inserting it after 
inflation of the endotracheal-tube cuff. As 
shown in cases 1 and 2, being able to hear 
the heart and breath sounds alone does not 
confirm its proper position. Regardless of 
what technic is used for its placement, ad- 
vancing or withdrawing it is important to 
obtain optimum positioning. Unless it is 
inadvertently placed within the trachea and 
trapped between the tracheal wall and the 
endotracheal tube, it should be freely mov- 
able. 
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Hoarseness and Horner’s Syndrome After 
Interscalene Brachial Plexus Block 


JOSEPH L. SELTZER, MD* 


NESTHESIA for shoulder operations can 

be obtained by a single-injection 
brachial plexus block.! 'The interscalene 
approach to the brachial and cervical plex- 
uses is based on the concept of a continuous 
fascial sheath which extends from the cervi- 
cal vertebrae to the axilla and contains ele- 
ments of both the cervical and brachial 
plexuses. As the subclavian artery passes 
between the anterior and middle scalene 
muscles, it enters this sheath and continues 


distally within the sheath as the axillary 
artery. This report describes the onset of 
hoarseness and a Horner's syndrome (ptosis 
of the upper eyelid, miosis, and enophthal- 
mos) secondary to stellate ganglion block 
after a cervicobrachial plexus block using a 
single interscalene injection. 


REPORT OF A CASE 


A healthy 29-year-old man was scheduled 
for elective repair of an acromioclavicular 
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joint meniscus tear of the right shoulder. 
The history, physical examination, ard lab- 
oratory data were normal except for the or- 
thopedic injury. He was given 15 mg of 
diazepam by mouth 1 hour before arriving 
in the operating room. After the right side 
of the neck and supraclavicular ares were 
prepared, a 22-gauge, 4-cm needle attached 
to a segment of IV extension tubing ‘form- 
ing an “immobile needle"?) was intreduced 
into the groove between the anterier and 
middle scalene muscles at the level of the 
cricoid cartilage. The patient reported a 
paresthesia to the right shoulder. 


The anesthesiologist’s hand holding the 
needle was fixed in this position and the 
index finger of the other hand was used to 
place firm pressure on the area of the inter- 
scalene groove below the needle. With the 
paresthesia still present, a second anesthesi- 
ologist performed the aspiration and injected 
40 ml of 0.5 percent bupivacaine. The distal 
pressure was released and the needle with- 
drawn. Cervical and brachial plexus anes- 
thesia resulted and the operation was car- 
ried out uneventfully, the patient requiring 
an additional 5 mg of diazepam IV fer seda- 
tion. 


With the onset of anesthesia, the patient 
became hoarse and developed a Horner's 
syndrome. These symptoms resolved when 
plexus functions returned to normal. The 
patient required his first analgesic medica- 
tion approximately 9 hours after the block. 


COMMENT 


Moore? describes a multiple-injection 
technic of cervical plexus block, citing block 
of the recurrent laryngeal nerve and Hor- 
ner's syndrome as possible complications. 
He states that the recurrent laryngeal nerve 
block is probably the result of teo deep 
infiltration along the posterior border of 
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the sternocleidomastoid muscle and occurs 
in 2 to 3 percent of cases. Moore also re- 
ports a 5 to 8 percent rate of recurrent 
laryngeal nerve block associated with stel- 
late ganglion block. Lófstróm* also reports 
these complications with a multiple-needle 
technic of cervical plexus block. 


In our case, the needle was firmly fixed, 
and the success of the surgical procedure 
under regional anesthesia confirmed its 
proper position. As a result of the large 
volume of solution used and the digital pres- 
sure applied to the distal aspect of the inter- 
scalene groove, it is possible that some of 


the solution tracted along the subclavian 


artery to reach the recurrent laryngeal nerve 
and stellate ganglion. The right recurrent 


laryngeal nerve courses back around the 
subclavian artery on its way to the larynx. 


While Horner’s syndrome produced no 
great discomfort in this patient, block of the 
recurrent laryngeal nerve in a heavily se- 
dated patient with paralysis of the contra- 
lateral vocal cord might produce some im- 
pairment to ventilation. 


This case confirms previous reports that 
recurrent laryngeal nerve and stellate gan- 
glion block should be considered as possible 
complications of interscalene injections. 
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Tobramycin-Curare Interaction 
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A 59-year-old patient had urologic surgery 
under d-tubocurarine-fentanyl-N;,O anesthesia. 
The muscle relaxant was reversed with pro- 
stigmine at the end of the 5-hour procedure. 


Me than 120 reports concerning aug- 
mentation by antibiotics of neuro- 
muscular blockade from muscle relaxants 
have appeared in the literature.!-3 These 
blocks have been inconsistently reversed by 
such agents as calcium, neostigmine, sodium 
bicarbonate, caffeine sodium benzoate, and 
carbon dioxide. Factors such as respiratory 
acidosis, hypothermia, increased magnesium 
ion, and decreased calcium may also aug- 
ment the effects of the neuromuscular block- 
ing agents.6-? 


This is a case report of reparalysis fol- 
lowing the administration of tobramycin in 
a patient who previously had received 
d-tubocurarine (dTc). Although it has been 
Shown! that cats given extremely high 
doses of tobramycin (40 mg/kg) developed 
neuromuscular blockade and respiratory pa- 
ralysis, this has not been previously reported 
in man. 


CASE REPORT 


A 59-year-old, 78-kg man presented with 
hematuria. His past medical history includ- 
ed transitional cell bladder tumor and ade- 
nocarcinoma of the prostate. He had under- 
gone numerous cystoscopies and trans- 
urethral resections without incident. 
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Reparalysis occurred after the administration 
of IV tobramycin and was successfully reversed 
with prostigmine. 


Physical examination was unremarkable. 
X-ray of the right femur showed a lytic 
lesion. An IVP demonstrated left hydro- 
nephrosis with obstruction at the left ureter 
and a bladder mass consistent with tumor. 
Liver and spleen scans were normal as were 
routine liver-function tests. 


The electrocardiogram and chest x-ray, 
CBC, urinalysis, and serum electrolytes 
were normal. The patient was scheduled to 
undergo cystoscopy, bladder biopsy, and 
retrograde pyelogram. Orthopedic consulta- 
tion was obtained to evaluate the patient’s 
right femoral lytic lesion. It was decided to 
insert a rod prophylactically into the pa- 
tient’s femur at the time of his urologic op- 
eration. The evening prior to operation, the 
patient was started on tobramycin (80 mg) 
and cefazolin (1 gm) IM every 6 hours. 


Premedication consisted of morphine (10 
mg), hydroxyzine (100 mg), and glycopyr- 
rolate (0.2 mg) IM, 30 mimutes before oper- 
ation. 


Induction of anesthesia was with thiam- 
ylal (300 mg). Tracheal intubation was 
facilitated by succinylcholine (100 mg), 
after 3 mg dTc, and the larynx was sprayed 
with 3 ml of 4 percent lidocaine. Anesthetic 
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maintenance consisted of d'Tc and fentanyl 
supplementation of N.O. Monitoring was 
with an esophageal stethoscope, blood-pres- 
sure cuff, cardioscope, and peripheral nerve 
stimulator. Total doses of dTc and fentanyl 
over 5 hours were 72 mg and 0.85 mg, re- 
spectively. Urine output-was 950 ml. Atro- 
pine (1.5 mg) and prostigmine (3 mg) were 
used to reverse the muscle relaxant. The 
patient was extubated in the operating room 
prior to transport to the recovery room. The 
peripheral nerve stimulator at that time 
showed a vigorous twitch response without 
fade of tetanus and post-tetanic potentiation 
(tetanic frequency——50 Hz). 


Fifteen minutes later, 80 mg of tobramy- 
cin was added to a Pediatrol® and slowly 
infused. Forty-five minutes later, before all 
of the tobramycin was infused, the patient 
began to complain of difficulty breathing 
and appeared dyspneic. Muscle strength, 
which had previously been excellent, was 
now markedly diminished. The peripheral 
nerve stimulator showed evidence of non- 
depolarizing neuromuscular blockade, with 
diminished twitch, fade of tetanus, and 
marked post-tetanic potentiation. Tobramy- 
cin was discontinued and prostigmine (2.5 
mg) and atropine (1.25 mg) were admin- 
istered IV. Increased grip strength and 
relief of respiratory difficulty resulted with- 
in 3 minutes. After the 2nd reversal, arterial 
blood gases while the patient was breathing 
100 percent O, via a facemask were pH 7.38, 
Paco, 38, Pao, 72, HCO, 22, BE/D —2. 


Twenty minutes later, the remainder of 
the tobramycin infusion was restarted slow- 
ly without incident. Since the infusion in 
the recovery room had already been over a 
45-minute period, the remaining dose of to- 
bramycin was felt to be too small to be of 
neuromuscular significance. The next full 
dose of tobramycin was not given until 24 
hours later. Repeated arterial blood gases 
were normal, and he made an uneventful 
recovery. 


DISCUSSION 


Tobramycin sulfate is a water-soluble 
antibiotic of the aminoglycoside group, that 
inhibits the synthesis of protein in bacterial 
cells.!? It is reportedly active against most 
strains of Pseudomonas aeruginosa, Proteus, 
E coli, Citrobacter, Providencia, Staphylo- 
cocci, and group D Streptococci. Intramus- 
cular injections of 1 mg/kg result in maxi- 
mum serum concentrations of 4 „g/ml with 
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measurable blood levels for 8 hours. Infu- 
sions administered over a l1-hour period 
yield similar concentrations. 


Tobramycin is eliminated almost exclu- 
sively by glomerular filtration, with renal 
clearance similar to that of creatinine. Vir- 
tually no protein binding occurs in the se- 
rum. In patients with normal renal function, 
up to 84 percent of the dose is recoverable 
from the urine in 8 hours and up to 93 per- 
cent by 24 hours. In the face of normal 
renal function, the serum half-life is 2 hours. 
An inverse relationship exists between se- 
"um half-life and creatinine clearance. 


In this patient, the time course and se- 
quence of events suggests that the tobramy- 
cin augmented the effects of residual dTc 
and was successfully reversed by prostig- 
mine. The neuromuscular blocking capabil- 
ity of the aminoglycosides has been shown 
in experimental animals! 2.5.5.1? but we be- 
lieve this to be the first reported case of 
neuromuscular blockade augmentation by 
this antibiotic and its associated reversal by 
prostigmine in man. 
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Fatal Hepatic Necrosis After Halothane Anesthesia in a Boy 
- with Juvenile Rheumatoid Arthritis: A Case Report 
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Hepatitis from halothane is usually diagnosed 
by excluding other possible causes. Whether 
preexisting hepatie damage, which can occur in 
certain autoimmune disorders, contraindicates 
the use of halothane has yet to be proven. The 


H ALOTHANE has been implicated in cases 

of altered liver function, ? but no 
evidence has been presented to show that 
liver disease is an absolute contraindication 
to the use of halothane. Children under age 
10 seem relatively immune to “halothane 
hepatitis," only 9 cases (4 of which were 
subsequently ruled out) having been docu- 
mented by Carney and Van Dyke? in pre- 
pubertal children, despite the fact that this 
age group represents 12 percent of the sur- 
gical population in which halothane is the 
most commonly used agent, 


Since children seem to be less "allergy- 
prone" than adults,‘ immunologic immatu- 
rity may explain this rarity of halothane 
hepatitis. However, the nonspecific suscepti- 
bility of aging livers to a variety of meta- 
bolic insults may be the most important cor- 


case of a 14-year-old boy with early-onset ju- 
venile rheumatoid arthritis who developed fatal 
hepatic necrosis 13 days after halothane anes- 
thesia is presented. 


relation between halothane hepatitis and 
age. Although our patient was 14 years old, 
he did not have any secondary sex charac- 
teristics. The chronic use of salicylates for 
treatment of his rheumatoid arthritis may 
have produced a liver more susceptible to 
hepatic damage.5.6 


An analysis of the death of the patient 
after temporomandibular surgery for the 
correction of his severe mandibular ankylo- 
sis is presented. 


CASE REPORT 


À multidisciplinary team including pedi- 
atricians, oral surgeons, anesthesiologists, 
and a hematologist evaluated a patient with 
early-onset juvenile rheumatoid arthritis 
(JRA) for surgical correction of mandibular 
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ankylosis (6 mm mandibular opening). The 
patient, 14 years old and small for his age, 
had no history of heart abnormalities, blood 
transfusions, allergies, previous operations 
under general anesthesia, or exposure to per- 
sons with hepatitis. 


Orotracheal intubation being impractica- 
ble because of his severe ankylosis of the 
mandible and cervical vertebrae, he was 
intubated nasotracheally and anesthetized 
with halothane-N.O-O. for the 6-hour bi- 
lateral temporomandibular condylectomies 
with gap arthroplasty. Medications given 
during this admission included dioctyl sodi- 
um sulfosuccinate (Colace®), bisocodyl 
( Ducolax*) , atropine, occasional acetamino- 
phen, and 2.4 g/day of aspirin postopera- 
tively (PO). 


For 8 years prior to admission, the patient 
had been maintained on ASA with serum 
levels ranging from 12 to 32 mg/100 ml, the 
latter level prevailing preoperatively. All 
other preoperative laboratory values were 
within normal limits. His operative and 
postoperative course were without incident 
except for evening chills and fever ( 38.9° C) 
2 days PO. The day before discharge, his 
SGOT was 39 SF units/ml; bilirubin 0.2 
mg/100 ml (indirect), 0.1 mg/100 ml (di- 
rect); alkaline phosphatase 8.9 npu ( nitro- 
phenol units; normal for age, 6 to 12 npu). 


ANESTHESIA AND ANALGESIA .. . Current Researches VoL. 56, No. 4, Jurv-Aucusr, 1977 


Oral fluid intake and urinary output were 


normal and he was discharged in good con- 
dition 7 days PO on a daily maintenance 
dose of 3 to 5 g ASA. i 


On the 9th postoperative day, the boy 
was seen by a pediatrician for a rectal tem- 
perature of 39.4? C. He felt well, was non- 
toxic, and was afebrile the next morning. 
However, 3 days later he awoke with a 
fever, malaise, anorexia, and jaundice and 
was readmitted with a tentative diagnosis 
of "hepatitis of unknown etiology." Liver 
function and coagulation studies were re- 
corded (table). Physical examination re- 
vealed multiple joint ankyloses, including 
limitation of motion of both ankles and 
wrists and the left knee and hip and fixation 


of several ribs and cervical vertebrae, with 
a fixed flexion of only 15°. The liver was 


palpable 5 cm below the right costal margin 
and the spleen 2 cm below the left costal 
margin; both were tender to palpation. There 
was no ascites, pruritis, or palpable lym- 


phadenopathy. 


The condition of the patient progressively 


deteriorated. Two days before death, he 
became oliguric, responding to treatment 


with furosemide to produce good urinary 


output but with gross hematuria. He became 
comatose within 12 hours. Blood and CSF 
cultures taken at this time were negative. 


TABLE 
Laboratory Data 4 Days Prior to Death 


Test 





Normal value 


Actua: value 


SGOT 8-40 SF units/ml 2699 
SGPT 8-85 SF units/ml 4045 
Alkaline phosphatase 2-12 npu 21.2 
Bilirubin (direct) 0.1-0.2 mg/100 ml 4.8 
Bilirubin (indirect) 0.1-1.0 mg/100 ml 9.5 
White blood count 5000-9000/cu mm 15,400 
Differential 

Polymorphonucleocytes 40-60 % 68 
Lymphocytes 20-40% 23 
Eosinophils 1-3% 0 
Monocytes 4-8 Fo 5 
Bands (metamyelocytes) 0.5% 4 
Prothrombin time 13.8 sec (control) 31.5 
Partial thromboplastin time 48.5 sec (control) 137.0 


Sedimentation rate 


0-20 mm/hr 84 


Sedimentation rate rur —————————————— 
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Although the temperomandibular surgery 
now permitted him to open his mouth 23 
mm, multiple attempts at tracheal intuba- 
tion were unsuccessful due to the extreme 
cervical flexion, and tracheostomy was con- 
sidered anatomically impossible. A nasogas- 
tric tube was placed for suspected gastro- 
intestinal bleeding, during which vomiting 
and aspiration occurred. Chest x-ray con- 
firmed a chemical pneumonitis. Coagulation 
studies revealed: PT (prothrombin time) 
greater than 60 seconds (control, 13.7); 
PTT (partial thromboplastin time) 162.1 
(control, 48); TCT (thrombin consumption 
time) greater than 60 seconds (control, 
12.9); and a platelet count of 106,000/cu 
mm. Factor assays included: factor V, 3 
percent; factor VII, less than 1 percent: fac- 
tor VIIL 261 percent; and fibrinogen, 59 
mg/100 ml (control 263 mg). Fibrin split 
products were present at 1/64 dilution. Over 
his 2 last days, the patient bled almost con- 
tinuously from the nose and mouth and con- 
stant nasopharyngeal suction was necessary 
to maintain his airway. Placement of ante- 
rior and posterior nasal packing failed to 
control bleeding. Binasal pharyngeal tubes 
were placed to aid in upper airway manage- 
ment. He received numerous units of whole 
blood (4), packed RBCs (6), fresh frozen 
plasma (5), cryoprecipitate (3), and plate- 
let-rich plasma (6) but clotting studies did 
not improve. One day before death, the pa- 
tient had labored breathing with decreased 
breath sounds and loud rhonchi. Oxygen 
(100%) was given by face mask. Arterial 
blood gases revealed: pH, 7.13: Paco., 80 
torr; and Pao,, 170 torr. The patient had a 
series of tonic/clonic seizures culminating in 
terminal cardiopulmonary arrest. Hepatitis 
B surface antigen ( HB,Ag), antimitochon- 
drial antibody (AMA), antinuclear anti- 
body (ANA), smooth muscle antibody 
(SMA), and antiparietal cell antibody 
(APA) assays drawn before death were all 
negative. 


DISCUSSION 


The incidence of temporomandibular joint 
dysfunction in JRA has been estimated to 
be from 5 to 85 percent.^? A recent study 
by Grosfeld* of 100 cases of JRA revealed 
65 percent with demonstrable changes. 
Twelve percent of the patients examined 
had mandibular openings of from 20 to 30 
mm, while only 1 patient was limited to a 
9-mm opening. Other authors agree that 
bony ankylosis of the temporomandibular 
joint as the result of JRA is rare. !! When 
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severe ankylosis requires surgical interven- 
tion to preserve functional growth and mas- 
tication, anesthesia management from the 
standpoint of airway control and choice of 
anesthetic agent may pose the greatest ob- 
stacle to treatment of these patients. 


In the absence of surgical infection, fever 
9 days PO (7 days before death) may have 
been due to 3 major causes-—an acute exa- 
cerbation of JRA, hypersalicylism, or drug 
(particularly halothane) sensitivity. Diur- 
nal fever is a common symptom in JRA but 
is usually controlled by salicylates. An 
acute salicylate overdose can also cause 
fever. This may be due to excessive sweat- 
ing, hyperpnea, and dehydration, but the 
exact mechanism is not known.!* A febrile 
episode followed by jaundice (13 days after 
initial exposure) may indicate halothane- 
related hepatic damage .?.1? 


Salicylate therapy is the most commonly 
accepted drug treatment for JRA and is 
generally thought to be the safest. Hepatic 
damage due to salicylates has only recently 
received significant interest. There have 
been, however, reports for more than 20 
years of abnormal liver function tests in 
patients receiving salicylates for various dis- 
orders. In 1956, Manso's group!* reported 
an increase in serum enzymes with serum 
salicylate levels as low as 20 mg/100 ml in 
patients being treated for rheumatic fever. 
Recent attention initially indicated that in- 
creases in SGOT, SGPT, and alkaline phos- 
phatase in patients with various connective- 
tissue disorders occurred only at serum 
levels greater than 25 mg/100 ml!5».!5 (ther- 
apeutic range, 20 to 25 mg/100 ml). In all 
cases, the chemical signs of liver damage 
returned to normal after discontinuance of 
salicylate therapy and increased again when 
salicylate therapy was reinstituted at the 
previous levels. 


Massive hepatic necrosis cf the type seen 
in our patient has not been reported as a 
consequence of salicylate therapy, but sev- 
eral authors have warned that if salicylates 
can produce hepatic damage (as evidenced 
by increased transaminase levels) in some 
patients, they may certainly have the poten- 
tial to produce fatal hepatic failure in a 
susceptible individual. Patients with JRA 
may well be more susceptible to the adverse 
effects of aspirin than the general popula- 
tion. However, while our patient was at risk ' 
for salicylate-induced hepatic damage, there 
are other, better described, factors that prob- 
ably explain his hepatic failure. 
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The diagnosis of halothane hepatitis is 
still largely a “diagnosis of exclusion.” Viral 
hepatitis is usually the other major consid- 
eration. Chronic active hepatitis ( CAH) — 
inflammatory liver disease lasting several 
months or more—can also have acute exac- 
erbations with massive | hepatic necrosis. 
Negative liver function tests after operation 
as well as negative antibody assays tend to 
exclude CAH in this patient. The time and 
mode of onset of the patient's fever and 
jaundice are consistent with those generally 
described in reports of halothane hepatitis. 
Of the patients who develop halothane hepa- 
titis, 62 percent do so within the 1st week 
after exposure, 25 percent in the 2nd week, 
9 percent in the 3rd week, and 4 percent in 
the 4th week.?:!7 


Additional clinical criteria for the diag- 
nosis of halothane hepatitis include: (1) 
onset of fever 8 to 14 days after anesthesia 
without previous exposure (1 to 7 days with 
previous exposure), (2) abrupt rise in se- 
rum SGOT levels shortly after the onset 
of fever and bilirubin elevation 2 to 3 days 
later, (3) absence of HB,Ag, and (4) prompt 
recovery or rapid death.!? In 234 collected 
cases of halothane hepatitis, 30 percent died 
after a single exposure and 70 percent after 
multiple exposures, all of which occurred 
within 3 months of exposure.?.!? No surviv- 
ors are reported to have developed a pro- 
thrombin time greater than 60 seconds. 


Factors in our case that tend to exclude 
other possibilities include: (1) the onset 
of symptoms was too late to be due to a 
direct hepatotoxin, (2) the onset was too 
soon for viral (“serum”) hepatitis B and 
the Hb Ag assay was negative, and (3) the 
onset was slightly before the normal mini- 
mum incubation period of viral (“‘infec- 
tious”) hepatitis A. The incubation period 
of hepatitis A is 3 to 6 weeks and of hepatitis 
B, 6 to 16 weeks.!? However, these periods 
are variable, are not diagnostic for either 
disease, and are pertinent only if the causa- 
tive agent was contracted at the time of 
operation. 


It is, of course, possible that the cause of 
our patient's hepatic necrosis was an agent 
contracted in his normal environment. 'There 
is no positive evidence for this etiology, but 
. on the other hand, there is only slight nega- 
tive evidence: no known contact with a 
jaundiced person, no previous transfusions, 
etc. In this regard, it is noteworthy that 
liver enzyme assays of blood drawn 6 days 
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PO during the patient's previous hospitali- 
zation were normal. 


Histologic differentiation between the 
leading possibilities, halothane and viral 


hepatitis A, is at best unproven. Light-mic- 


roscopic changes in this case are consistent 
with those reported in other cases of alleged 


halothane hepatitis: massive necrosis, pre- 


dominately periportal fatty change, portal 
eosinophilic infiltration, and plasma cell in- 
filtration of the portal areas and parenchy- 
ma; but these changes also have all been 
reported in viral hepatitis and are definitely 
nonspecific indicators of liver damage. 


Electron-microscopic changes have been 
reported which may ultimately allow dif- 
ferentiation in these cases, but at this time 
they are not sufficiently reliable. Klion! has 
described a segmental loss of the outer mem- 
brane and an infolding of the inner one in 
hepatic cell mitochondria. These are seen in 
halothane hepatitis but not in viral hepa- 
titis. These findings have been reproduced 
in experimental animal studies, but the tis- 


sue specimens were taken prior to death 
and were, therefore, less subject to mito- 


chondrial autolysis.! Suggestive changes 
were seen in our patient, but the specimen 
was received 4 hours postmortem, and ex- 
tensive autolysis was present. 


Numerous other diagnostic tests are like- 
wise nonspecific. Immunologie tests, an- 


other possible means of differentiation in 


the future, are unreliable at this time. Lym- 
phocyte transformation tests were not per- 
formed, and their interpretation is still con- 
troversial!5 A positive HB,Ag, present in 
hepatitis B, would have tended to exclude 
halothane hepatitis. The other antibody 
assays are often negative in halothane hepa- 
titis. Peripheral eosinophilia is present in 


some cases but was absent here. 


CONCLUSIONS 


Although the pathogenesis of “halothane 
hepatitis" has not been elucidated clearly, 
clinical findings indicate that pediatric pa- 
tients are relatively immune from this en- 
tity. This report of a 14-year-old prepuber- 
tal boy with fatal hepatic necrosis following 
halothane exposure suggests that, rather 
than the maturation of the child that is im- 
portant, the relative maturation of the he- 
patic system may be implicated. This child, 
with an immunologic disorder combined 
with a long history of multiple medications, 
including high doses of salicylates, may 
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have "functionally" removed his hepatic 
system from the pediatric age group. Per- 
haps halothane anesthesia to pediatric pa- 
tients of this type is cause for concern. 
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PROPRANOLOL WITHDRAWAL. Acute myocardial ischemia following the abrupt 
withdrawal of propranolol administration may reflect rebound hypersecretion of cate- 
cholamines. To study this possibility systolic time intervals and urinary excretion of 
vanillylmandelie acid (VMA) were studied in healthy volunteers receiving 120 to 160 
mg of propranolol for 15 days. Acute withdrawal of propranolol did not alter the systolic 
time intervals or VMA excretion in the following 3 to 4 days. These data did not support 
the concept that a rebound hyperinotropic state exists following acute reversal of beta- 


adrenergic blockade. 


These data from healthy volunteers may not, however, reflect 


changes that occur in patients with coronary atherosclerosis and with chronically ele- 


vated circulating catecholamines. 


(Pantano JA, Lee Y-C: Abrupt propraaolol with- 


drawal and myocardial contractility. A study of effects in normal man. Arch Intern 


Med 136:867-871, 1976) 





We invite you to submit questions to the 
Editorial Office, Anesthesia and Analgesia 
. . . Current Researches, Yale University 
School of Medicine, 333 Cedar St., New 
Haven, Connecticut 06510. The names of 
those submitting questions will remain anon- 
ymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 
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QUESTION: Based on some experimental 
evidence with dogs, in an article in the June 
1973 issue of the Archives of Surgery (Yellin 
AE, Newman J, Donovan AJ: Neostigmine- 
induced hyperperistalsis. 106:779-784, 1973), 
a few investigators showed that the reversal 
drugs for curare-like muscle relaxants in- 
creased. intraluminal pressures about 15 
times normal for about 15 minutes. Atropine 
in doses they used did not seem to prevent 
this muscarinic action. 


Since a new young surgeon has come to 
town and showed the article to some other 
surgeons and our anesthesia group, we are 
all concerned about such possible anasto- 
motic leakage. 


I would appreciate the thoughts of your 
committee of experts on this matter. 


MD, Rhode Island 


ANSWER £1: The article in question by 
Yellin and associates describes an experi- 
ment performed in dogs to determine the 
effect of neostigmine on newly-anastomosed 
colon. The authors describe colonic pressure 
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increases to 35 times the baseline value after 
neostigmine (0.035 mg/kg). This rise in 
bowel pressure was not blocked by atropine 
(0.012 mg/kg). The rise occurred whether 
or not d-tubocurarine had been given prior 
to the administration of neostigmine. The 
authors did not find any leakage .in fresh 
anastomoses even when single-layer bowel 
closure was used in 1 group of dogs. They 
concluded, however, that the "extraordinary 
stress" of neostigmine-induced increased in- 
traluminal pressure in the bowel, “if avoid- 
able, should not be imposed on a newly- 
fashioned colonic anastomosis." 


The well-known muscarinic stimulatory 
effect of neostigmine is due to acetylcholin- 
esterase inhibition, not “anticholinesterase 
inhibition,” as stated by Yellin et al. It is 
true that the effects of neostigmine on the 
gut are more difficult to block with atropine 
than its other muscarinic effects (bradycar- 
dia, salivation) .! On the other hand, Yellin's 
group used a relatively small dose of atro- 
pine in attempting to block the neostigmine 
effect. We have learned by experience that 
a ratio of atropine to neostigmine of at least 
1:2 by weight is necessary to effectively pre- 
vent the muscarinic actions of neostigmine 
in man. Perhaps Yellin might have noted 
some inhibitory effect of atropine on neo- 
stigmine-induced increased intraluminal 
pressure in the bowel if he had employed 
larger doses of atropine, of the order 0.025 
mg/kg. 


'The clinical debate over the effects of neo- 
stigmine on the bowel was initiated in the 
late 1960s when Bell and Lewis? noted an 
increased incidence of anastomotic leakage 
in colonic surgery when neostigmine was 
used to reverse curare block. 'These patients, 
however, were all receiving adrenocortical 
steroid treatment for ulcerative colitis. 
Wilkins and coworkers,? in a similar report, 
concluded that ileorectal anastomoses are 
particularly at risk when neostigmine is 
used to reverse d-tubocurarine. 


Reports such as these led to clinical stud- 
ies designed to evaluate the optimal se- 
quence and timing of administration of neo- 
stigmine and atropine.*? These and other 
works have fairly well established the rule 
that as long as adequate dosage is employed, 
atropine may be given prior to or together 
with neostigmine, and no severe bradycar- 
dias may be expected. Apparently, no stud- 
ies have attempted to establish an atropine 
versus neostigmine dose-ratio which might 
prevent neostigmine-induced increases in 
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intracolonic pressure. In the absence of any 
such concrete information, we must be satis- 
fied with the general clinical impression that 
a reasonably well-fashioned colonic anasto- 
mosis, perhaps as hinted at experimentally 
by Yellin, should easily withstand severe 
intraluminal pressure increases without dis- 
rupting. Since no further clinical reports 
have appeared in the literature since 1970, 
the question may be purely academic. 


One helpful suggestion may be offered, 
however. Tt seems to be common practice 
to administer neostigmine and atropine in 
a 2.5:1 ratio. This, in our experience, does 
not provide enough atropine to fully pre- 
vent the muscarinic effects of neostigmine. 
The peak antimuscarinic effect of atropine 
is reached within 1 to 2 minutes, while 
maximum muscarinic stimulation is achieved 
by neostigmine within 5 to 15 minutes. This 
difference in the timing of the peak effects 
of these drugs makes it safe to administer 
atropine concurrently with neostigmine. 


In the presence of relatively low atropine 
dosage, however, the peak muscarinic effects 
of neostigmine may become apparent 10 to 
15 minutes after reversal has begun. 'This is 
a common occurrence, in our opinion, when 
the 2.5:1 ratio of neostigmine to atropine is 
employed. We therefore recommend a neo- 
stigmine-to-atropine ratio of 2:1 or less, to 
ensure adequate antimuscarinic effect from 
the atropine. Perhaps the use of higher atro- 
pine dosage might offer some protection 
against the effects of neostigmine on the 
bowel. 


Another approach to the solution of this 
problem is the development of anticholines- 
terases with less muscarinic-stimulating ef- 
fect. Pyridostigmine may have less mus- 
carinic action than neostigmine, but clinical 
investigators do recommend the use of atro- 
pine with this anticholinesterase as well.7:8 
A new agent, RX 72601, apparently has a 
wide safety margin between nicotinic- and 
muscarinic-stimulating actions and may 
therefore be useful clinically.?.1? Another 
new anticurare agent, 4-aminopyridine,! !.1? 
reportedly has no anticholinesterase activity 
at all. 


The development of such new agents for 
clinical use may soon render the question 
of neostigmine-induced increased intralu- 
minal colonic pressure a truly academic one. 
For the time being, however, the use of 
neostigmine in anesthesia as an antagonist 
of nondepolarizing block permits the induc- 
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tion of relatively deep levels of block (and 
excellent relaxation) during surgery, facili- 
tating the completion of difficult procedures, 
and helping to ensure postoperative patient 
safety. The conscientious anesthesiologist 
should not refrain from administering such 
a useful drug on the basis of an experimen- 
tally well-described but clinically unimpor- 
tant side effect. 


John J. Savarese, MD 
Department of Anesthesiology 
Massachusetts General Hospital 
Boston, Massachusetts 
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ANSWER #2: It is true that Yellin and 
coworkers demonstrated a 15-fold increase 
in intraluminal colonic pressure when anes- 
thetized dogs were given neostigmine. But 
Yellin also pointed out! that the increased 
pressure did not disrupt an anastomosis, re- 
gardless of whether fashioned with a single 
or double layer, with or without redundancy 
in the bowel. 


The clinical application of Yellin’s report 
can be questioned on several grounds. Not 
only was the study made on dogs, but one 
must also consider that the dogs were anes- 
thetized with phenobarbital, a drug never 
used to produce general anesthesia in man. 
Wilkins’ group? reported that the back- 
ground anesthesia can influence the response 
of the gut to neostigmine. When N.O was 
used for general anesthesia, neostigmine in- 
creased intestinal activity greater than 2 
times the control rate in only 38 percent of 
patients. When halothane anesthesia was 
used, intestinal motility never reached this 
level. 


More pertinent to clinical practice are 
studies that followed large groups of patients 
who had intestinal operations. Brown and 
colleagues? reported anastomotic breakdown 
in 6.1 percent of 115 patients undergoing 
primary intestinal surgery. The incidence of 
this complication was slightly lower in pa- 
tients given neostigmine. Similarly, Morisot 
and associates! followed 400 patients who 
had intestinal anastomoses. They reported 
no significant difference in the incidence of 
anastomotic breakdown when they com- 
pared patients given neostigmine with those 
who were not. 


Finally, I asked the Chairman of the 
UCLA Division of General Surgery his opin- 
ion concerning the use of neostigmine in 
patients undergoing intestinal operations. 
He replied, “If the anastomosis is properly 
structured, there is no hazard. If not prop- 
erly structured, it ought to be.” (Barker W: 
Personal communication) 


Leonard F. Walts, MD 
Division of Anesthesia 
UCLA Medical School 
Los Angeles, California 
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QUESTION: Would you briefly tell me what 
“n>0.05, Student's t-test" or “p>0.01, Stu- 
dent's t-test" means, when it is used to re- 
port the significance of a number of obser- 
vations? 


Without going into the detailed fermula 
for extracting the figure, what does the 
phrase mean to a nonbiostatistically-oriented 
reader? 

MD, Washington 


ANSWER #1: Student's t-test can be used 
to determine if a parameter (usually the 
mean) of a set of data is much different 
from the same parameter of another set of 
data. For example, if one is trying te prove 
that the mean blood pressure from a group 
of subjects being treated with antihyper- 
tensive medication is the same as the mean 
blood pressure from a group of normal sub- 
jects, one could look to the t-test jor the 
answer. Here the original assumption (null 
hypothesis) is made that the mean blood 
pressures from both groups are the same. 


Statistically, we try to prove that our 
original assumption is wrong by the t-test. 
If we fail to prove that the means from each 
group are different, then we will accept our 
original assumption and say that statisti- 
cally the mean blood pressures from each 
group of subjects are the same. If, however, 
we can “prove” that the mean blood pres- 
sures for the two groups are different by the 
t-test, we can conclude that our eriginal 
assumption was incorrect. 


Now the question arises, “How sure are 
we that we have arrived at the correct deci- 
sion?" Here the t-test distribution ‘ells us 
that there is less than a 5 percent chance 
(p<0.05) or less than a 1 percent chance 
(p<0.01) that we have reached the wrong 
conclusion by chance alone. That is, if we 
rejected our original assumption and con- 
cluded that the means are different for each 
group of subjects, there is a 5 percent 
(p<0.05) or a 1 percent (p<0.01) chance 
that these means from each group are really 
the same. 


In the context of most research, p» 0.05 
would indicate that the means are statisti- 
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cally the same (the difference is not sta- 
tistically significant). That is, there remains 
a greater than 5 percent chance that the 
means for the two groups are different by 
chance alone. However, p<0.05 would indi- 
cate that there remains a less than 5 percent 
chance that we arrived at the wron g con- 
clusion, ie, stating that the means are dif- 
ferent when in fact they are actually the 
same. 


A. William Paulsen, MMSc 

Division of Instrumentation and 
Monitoring 

Department of Anesthesiology 

and 

Michael H. Kutner, PhD 

Department of Statistics and 
Biometry 

Emory University School of 
Medicine 

Atlanta, Georgia 
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ANSWER #2: In the terms “>0.05” and 
"p» 0.01," the “p” stands for "probability" 
and the equation is read as “the probability 
of this occurrence (happening at random) 
is more than 5/100 (or 1/100)." Student's 
t-test derives its name from a British statis- 
tician, W. S. Gossett (1937), who wrote 
under the pen name of Student; it was orig- 
inally called “Student’s t distribution." The 
“t? is an arbitrary statistical symbol used 
to represent the ratio of the difference be- 
tween 2 means to the standard deviation of 
the difference. Typically, the t-test is used 
with data from 2 comparable groups (pop- 
ulations) of persons, drugs, procedures, etc, 
to determine the significance of differing 
treatments, potency, effectiveness, etc. If £ 
calculated from such data is over a prese- 
lected percentage level, the difference be- 
tween the means is considered significant. 
One of a number of good "brush-up" books 
for the “nonbiostatistically-oriented reader" 
is "Elementary Medical Statistics" by 
Donald Mainland, Professor of Medical 
Statistics, New York University Medical 
Center (Saunders, 1964). 


Leslie L. Lewis, LLB 


HELIUM-CPAP. A helium-oxygen mixture combined with continuous positive airway 


pressure (CPAP) was used postoperatively in 


11 pediatric patients with congenital heart 


disease. In the same patients previously treated with nitrogen-oxygen-CPAP, the use 
of helium-oxygen-CPAP increased PaO: 20 to 30 torr, reduced respiratory distress, and 


facilitated early removal of the endotracheal tube, 


Helium-CPAP may be valuable in 


the postoperative respiratory management of pediatric patients. (Tatsuno K , Imai Y, 
Konno S: Therapeutic use of helium-oxygen mixture in continuous positive airway 
pressure for early weaning from mechanical ventilation after cardiovascular surgery 
in infants. J Thorac Cardiovasc Surg 72:119-122, 1976) 
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BLIND ESOPHAGEAL INTUBATION 
TO DIVERT GASTRIC CONTENTS 


To the Editor: 


Blind esophageal intubation to divert gas- 
tric contents from the airway is very well 
described by Dr. Cucchiara.! 


It is difficult, however, to agree with his 
description of the technic as “an apparently 
not widely known adjunct,” as it is clearly 
described in a chapter written by my col- 
league, Dr. D. C. C. Stark, in a textbook? 
which has become extremely popular in the 
last 21% years. 


R. Bryan Roberts, MD 

Department of Anesthesiology 

Wright State University School 
of Medicine 

Dayton, Ohio 
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'To the Editor: 


I would like to thank Dr. Roberts for 
bringing this reference to my attention. 
However, the 4-line description of esophageal 
intubation to which Dr. Roberts refers (page 
145), together with the 214-line description 
in the same text, which he does not mention 
(page 58), might have escaped some other 
readers of Dr. Stark's 313-page text. If our 


descriptions and discussions can make more 
readers aware of the technic, better anes- 
thesia can be practiced by all. 


Roy F. Cucchiara, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 


* i * 


PAIN CONTROL IN PARTURITION 
To the Editor: 


In reference to the recent article on the 
use of local anesthetics in childbirth,! the 
authors open their discussion with the state- 
ment, “Pain during childbirth may be con- 
trolled by hypnosis, general anesthesia, sys- 
temic narcotic administration, and numerous 
local anesthetic procedures." 


One of the most widely used and to date 
the safest methods has not even been ac- 
corded a mention here. This is PREPARA- 
TION. There are, in the United States, 
almost as many “methods” as states, but 
each one has basically the same premise 
and goal: to prepare women so that they can 
give birth without the risks, fetal, maternal, 
physical, and emotional, of pharmacologic 
agents. The statement that “the best drug 
for mother and baby is NO drug” still 
holds true. We are not against the use of 
pharmacologic agents when MEDICALLY 
indicated, but this is the case in less than 
10 percent of all births occurring in the 
United States. 


“In a sense, preparation may be regarded 
simply as an extension of obstetrical re- 
p 
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search on effective and danger free methods 
of analgesia"? 


C. David London, MD 
Kay Matthews, CAPO 
Homecomer 

Thetford Center, Vermont 
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To the Editor: 


Nurse Kay Matthews and Dr. London 
have very appropriately focused attention 
on the omission of "preparation" as a meth- 
od to control pain during childbirth. One 
author (PDW), as a twice-successful gradu- 
ate of prepared childbirth classes, offers par- 
ticular apologies and the following semantic 
excuse: Our review was meant to focus on 
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the control of pain once it is perceived as a 
problem necessitating intervention. 


We agree that preparation is effective 
both in minimizing the number of cases 
where this occurs and the amount of medi- 
cation necessary if.it occurs. We do, how- 
ever, take issue with the statement that “the 
best drug for mother and baby is no drug." 
There are risks associated with all interven- 
tions—including preparation (such as ma- 
ternal guilt if medication is used). At times 
infant and/or maternal survival depends on 
drug therapy (eg, eclampsia, C-section, dia- 
betes, maternal infection, etc) rather than 
“no dru p” 


We are sure Nurse Matthews and Dr. 
London would agree that optimal care must 
be individualized. Often this will mean that 
no drugs are used. When medications are 
required, those with the best risk /benefit 
ratio should be chosen. Our review was 
meant to focus on the latter. 


Philip D. Walson, MD 

Departments of Pediatrics and 
Pharmacology 

The University of Arizona 

Tucson, Arizona 


UTERINE ACTIVITY AND EPIDURAL ANESTHESIA. Continuous intrauterine and 
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Tro MAYRHOFER was born in 1920 in 

Vienna, Austria, where he received 
most of his education. In 1944, during the 
final year of the second world war, he gradu- 
ated from the University of Vienna. After 
214 years of basic clinical training in Vienna, 
Mayrhofer was the recipient of a WHO 
scholarship that enabled him to undertake 
clinical training in anesthesiology in Great 
Britain (none was available at that time 
on the European Continent), He followed 
this with 18 months in the United States, 
studying with Doctors Papper and Apgar 
at the Columbia-Presbyterian Medical Cen- 
ter in New York. 


After completing his clinical training in 
the United States in 1950, Otto Mayrhofer 
returned to his native land as one of the 
few qualified anesthesiologists on the Con- 
tinent at that time. In an early display of 
his unusual talent, skill, and energy, in 
1951, he became cofounder of Der Anaes- 
thesist, the official journal of the Austrian, 
German, and Swiss Societies for Anesthesi- 
ology. Through his continued involvement 
in this endeavor, this journal has become the 
major publication in the German language 
in our specialty. 





Otto Mayrhofer, MD. 
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Only 4 years later, in 1955, Mayrhofer 
was a coeditor of the first edition of the first 
comprehensive textbook of anesthesiology in 
the German language, the Lehrbuch der An- 
aesthesiologie. Mayrhofer contributed heav- 
ily to the success of this textbook with his 
reviews of the theoretic bases of anesthesia 
and on the metabolism and elimination of 
anesthetics and muscle relaxants; he has 
been a coeditor of all subsequent editions. 


Although critics may claim that the origi- 
nal edition of this book contained few 
original contributions, a deficiency certainly 
rectified in subsequent editions, such an 
opinion ignores the tremendous difficulties 
under which these young physicians worked. 
Library facilities were marginal, if they 
survived the war at all. Money was not 
available for research. Even more impor- 
tantly, few trained researchers were avail- 
able to guide ambitious young investigators. 
The surgeons, steeped in the strong tradi- 
tion of Sauerbruch and others, only reluc- 
tantly accepted the help of anesthesiologists 
in the operating room or on the ward. 


Viewing the accomplishments of Mayrhofer 
and others with this background makes one 


We Salute... 


more appreciative of their dedication and 
their immense contributions to the develop- 
ment of our specialty on the Continent. One 
can also understand why Mayrhofer has 
been so deeply involved in the advancement 
of anesthesiology throughout the world, par- 
ticularly through his activities as secretary 
(1964-1972) and president (1972-1976) of 
the World Federation of Societies of Anaes- 
thesiologists. He remembers that his own 
accomplishments were in large part made 
possible through the generous support of 
foreign colleagues and institutes after the 
war. It came as no surprise in 1961 that 
Mayrhofer was appointed as the first Chair- 
man of the Department of Anesthesiology 
at the University of Vienna. 


Otto Mayrhofer's scientific contributions 
are many. Probably best known are his 
pioneering studies of succinylcholine. After 
Bovet and colleagues in Italy and Phillips 
in the United States had discovered the 
neuromuscular blocking properties of suc- 
cinylcholine in 1949, Mayrhofer and Hass- 
further were among the first to use succinyl- 
choline in patients. But before doing so, 
they had repeatedly tested its properties in 
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three conscious volunteers, one of whom was 
Mayrhofer himself. 


After more than 25 years in the specialty, 
Mayrhofer continues to have the vision, 
imagination, and enthusiasm to stay abreast 
of the development of new techniques. To- 
day, now that the quality of clinical anes- 
thesia and the standard of resident training 
in German-speaking countries is similar to 
that of other leading countries, he is at the 
spearhead of new developments, notably in 
intensive care, in resuscitation, and, more 
recently, in acupuncture. 


Mayrhofer's contributions to anesthesi- 
ology have been acknowledged by many sci- 
entific groups. He is currently a full mem- 
ber of 4 anesthesia societies (including the 
American Society of Anesthesiologists), a 
corresponding member of 5, and an honor- 
ary member of 13 more. In addition, he has 
received honorary M.D. degrees from 3 
universities and in 1976 he became a full 
member of the Austrian Academy of Sci- 
ence. 


The International Anesthesia Research 
Society takes pride in saluting our colleague 
for his many contributions to our specialty. 


IONIZED CALCIUM. Factors that may influence ionized calcium levels during major 
operations include the chelating effect of citrate in whole blood and administration of 


albumin with resultant binding of the calcium ion. The authors 


studied 125 patients 


divided into groups receiving whole blood, whole blood plus albumin, or albumin alone. 
Ionized calcium was equally and significantly decreased at the conclusion of surgery in 
all 3 groups. Twenty patients with ionized calcium levels below 1.95 meg/l had no 


adverse cardiovascular effects. 


Administrati 


on of exogenous caleium is not necessary 


during massive transfusions in adult patients undergoing operations nct requiring cardio- 


pulmonary bypass. (Howland WS, Schweizer O, Jascott D et al: 
the ionization of calcium during major surgical procedures. 


143:895-900, 1976) 


Factors influencing 
Surg Gynecol Obstet 
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scientific Articles: September-October, 1977 


CONTROL OF GASTRIC ACIDITY BY GLYCOPYRROLATE PREMEDICATION IN THE PARTURIENT-—Anis Baraka, M.D., 
and Mohamed Saab, M.D., Beirut, Lebanon, M. R. Salem, M.D., and A. P. Winnie, M.D., Chicago, Illinois, 
VENOUS CARBON DIOXIDE EMBOLISM DURING LAPAROSCOPY~~Charles C. Clark, M.D., Duke B. Weeks, M.D., 

and John P. Gusdon, M.D., Winston-Salem, North Carolina. 

MORPHINE, SCOPOLAMINE, AND ATROPINE AS INTRAVENOUS SURGICAL PREMEDICANTS——James T. Conner, 
M.D., J. Weldon Bellville, M.D., Ronald Wender, M.D., Donna Schehl, RN., Frederick Derey, and Ronald L. Katz, 
M.D., Los Angeles, California. , 

INORGANIC FLUORIDE LEVELS IN PARTURIENTS AND NEONATES FOLLOWING METHOXYFLURANE ANALGESIA 
DURING LABOR AND DELIVERY—O. S. Cuasay, M.D., R. Ramamurthy, M.D., M. R. Salem, M.D., P. M, Send- 
aydiego, M.D., L. I. Elgindy, M.D., and F. S. Caburnay, M.D., Chicago. lilinois, 

CRYSTALLOID HEMODILUTION, HYPOTHERMIA, AND HALOTHANE BLOOD SOLUBILITY DURING CARDIOPUL. 
MONARY BYPASS Alfred Feingold, M.D., Miami, Florida. 

EFFECT OF CHEMICAL SYMPATHECTOMY ON MUSCLE BLOOD FLOW—Tatsushi Fujita, M.D., Ph.D., Yasuharu Kitani, 
M.D., Ph.D., Takashi Nakamura, M.D., and Tomiko Kimura, M.D., Maebashi, Japan. 

SPONTANEOUS POSITIVE END-EXPIRATORY PRESSURE (sPEEP)—John S. Gillick, M.D., Presidio of San Francisco, 
California. 

CAUDAL ANESTHESIA IN INFANTS— Shakeela Z. Hasson, M.D. Chicago, Illinois. 

NEUTROPHIL CHEMOTAXIS DURING HALOTHANE AND HALOTHANE-N;O ANESTHESIA IN MAN—Gary E. Hill, 
M.D., Theodore H. Stanley, M.D., Judd K. lunn, M.D., Wen-Shin liu, M.D., John B. English, M.D., Edward A. 
Loeser, M.D., Ryohei Kawamura, M.D. Craig R. Sentker, B.S., and Harry R. Hill, M.D., Salt Lake City, Utah. 

N20 MODIFICATION OF HALOTHANE-ALTERED RENAL FUNCTION IN THE DOG—Gary E. Hill, M.D., Judd K. Lunn, 
M.D., Michael R. Hodges, Theodore H. Stanley, M.D., Craig R. Sentker, B.S., Richard Johansen and Joan Hatt, 
Salt Lake City, Utah. 

INTRAOPERATIVE MONITORING OF FEMORAL ARTERY PRESSURE DURING REPLACEMENT OF ANEURYSM OF DE- 
SCENDING THORACTIC AORTA—Ercument A. Kopman, M.D., and Thomas B. Ferguson, St. Louis, Missouri. 
ANESTHETIC MANAGEMENT OF PULMONARY LAVAGE IN ADULTS Maurice Lippmann, MD. and Martin S. Mok, 

M.D., Torrance, California. 

CRITERIA FOR EARLY EXTUBATION AFTER INTRACARDIAC SURGERY IN ADULTS— Omar Prakash, M.D., Rotterdam, 
The Netherlands, Bjorn Jonson, M.D., Lund, Sweden, Simon Meij, Msc., Egbert Bos, M.D., Paul G. Hugenholtz, 
M.D., Jan Nauta, M.D., and Willem Hekman, M.D., Rotterdam, The Netherlands. 

ELECTROANESTHESIA (EA) STUDIES: CURRENT APPLICATIONS TO HUMAN VOLUNTEERS TO PRODUCE GENERAL 
AND LOCAL ANESTHESIA— Robert H. Smith, M.D., San Francisco, California, Tatsuhiko Kano, M.D., Kumumoto, 


Japan, George S. M. Cowan, M.D., Fort Gordon, Georgia, and Richard E. Barber, M.D., San Francisco, Cali- 
fornia. 


INFLUENCE OF BARBITURATE ANESTHETIC INDUCTION ON CIRCULATORY RESPONSES TO MORPHINE—Robert K. 
Stoelting, M.D., Indianapolis, Indiana. 

PEEP AND CPAP. CARDIOPULMONARY EFFECTS DURING SPONTANEOUS VENTILATION—C_ Lee Sturgeon, Jr., 
Major, USAF (MC), San Antonio, Texas, Michal E. Douglas, M.D., and John B. Downs, M.D., Gainesville, 
Florida, and Francis J. Dannemiller, Colonel, USAF (MC), San Antonio, Texas. 

PARACERVICAL BLOCK WITH 2-CHLOROPROCAINE-— Robert R. Weiss, M.D., FACOG, Howerd G. Nathanson, M.D., 
M. Rezai Tehrani, M.D., Nergesh A. Tejani, M.D., FACOG, Simon Halevy, M.D., and Leon I. Mann, M.D., FACOG, 
East Meadow, New York. 

A PHYSIOLOGIC ANALYSIS OF CARDIOPULMONARY RESPONSES TO KETAMINE ANESTHESIA IN NONCARDIAC 
PATIENTS—John M. Gooding, D.O., Alan R. Dimick, M.D., Mehrdad Tavakoli, M.D., and Guenter  Corrsen, 
M.D., Birmingham, Alabama. 

CARDIOVASCULAR EFFECTS OF MEPERIDINE-N;O ANESTHESIA BEFORE AND AFTER PANCURONIUM— Theodore 
H. Stanley, M.D., and Wen-Shin Liu, M.D., Salt Lake City, Utah. 

NAUSEA AND VOMITING AFTER ANESTHESIA AND MINOR SURGERY—T. J. Winning, F.F.A.R.CS., J. G. Brock- 
Utne, FFA. and J. W. Downing, F.F.A.R.C.S., Durban, South Africa. 

INDUCTION OF ANESTHESIA IN INFANT WITH FRONTONASAL DYSPLASIA—Xavier Marquez, M.D., and Renato 
5. Roxas, M.D., Detroit, Michigan 

CASE HISTORY #98. HYPOTENSION FOLLOWING CARDIOPULMONARY BYPASS—David B. Arkin, M.D., lawrence 
J. Saidman, M.D., and Jonathan L. Benumof, M.D., San Diego, California. 

CLINICAL REPORTS: 

LATENT DURAL PUNCTURE AFTER LUMBAR EPIDURAL BLOCK—Jerome A. Robson, M.D., and Jay B. Brodsky, M.D., 
San Francisco, California. 

PROBABLE AMNIOTIC FLUID EMBOLISM DURING CURETTAGE FOR A MISSED ABORTION: A CASE REPORT-—David 
Eric Lees, M.D., Young Shin, M.D., and Thomas E. Macnamara, M.B., Ch.B., Washington, D.C. 

A FOREIGN-BODY HAZARD IN THE NEONATE—Jay Miistein, M.D., and Jeff Rabinovitz, M.D., Davis, California, 
and Boyd Goetzman, M.D., Ph.D. Sacramento, California. 

COLLAPSE OF ENDOTRACHEAL TUBES DUE TO OVERINFLATION OF HIGH-COMPLIANCE CUFFS — Azriel Perel, 
M.D., Ruth Katzenelson, M.D., Ehud Klein, M.D., and Shamay Cotev, M.D., Jerusalem, Israel. 

CYANIDE PRODUCTION DURING NITROPRUSSIDE THERAPY IN AN OLIGURIC PATIENT—Mark A. Posner, LCDR 
(MC) USNR, Oakland, California, George H. Rodman, LCDR (MC) USNR, and James M. Klick, LCDR (MC) USNR, 
Bethesda, Maryland, and Raymond E. Tobey, Capt. (MC) USN, Washington, D.C. 

VENTILATORY ARREST AFTER MEPERIDINE— Robert K. Stoelting, M.D., Indianapolis, Indiana. 

WAKE UP TECHNIC TO AVOID NEUROLOGIC SEQUELAE DURING HARRINGTON ROD PROCEDURE: A CASE 


REPORT-—Jordon Waldman, M.D., Herbert Kaufer, M.D., Robert N. Hensinger, M.D., Mark L. Callaghan, M.D., 
and Keith G. Lieding, M.D., Ann Arbor, Michigan. 
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Manuscripts should be sent to: 


Nicholas M. Greene, M.D. 
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gesia . . . Current Researches 


Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


EDITORIAL POLICIES 


Manuscripts are accepted for considera- 
tion with the understanding that the mate- 
rial they present, including tables, figures, 
and data therein, has been neither previ- 
ously published nor submitted for publica- 
tion elsewhere. 


Types of materials published include orig- 
inal articles, brief reports, case reports, 
review articles, and letters to the Editor. 
Original articles describe in 3000 words or 
less clinical or laboratory investigations. 
Brief reports describe in 1000 words or less 
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strable originality, usefulness, and safety. 
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authors. Include on the title page where 
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addressed. Use double spacing throughout. 
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studied, why it was studied, what the re- 
sults were, and what the conclusions are. 
Use double space. Do not exceed one page. 
The Abstract is page one. Brief reports, case 
reports, and review articles need no ab- 
stracts but instead should conclude with 
brief summarizing paragraphs. 


Text. Original articles contain four parts: 
Introduction; Methods and Material; Re- 
sults; and Discussion. 'The start of the In- 
troduction is page two; number all follow- 
ing pages sequentially. Conclude the Dis- 
cussion with a paragraph summarizng con- 
clusions. 


Abbreviations, Define all abbreviations 
except those approved by the International 
System of Units for amount of substance, 
mass, length, time, temperature, electric cur- 
rent and luminous intensity. Do not syn- 
thesize new or unusual abbreviations. When 
many abbreviations are used, include all in 
a box of definitions at the start of the arti- 
cle. 


Symbols. Define all symbols when first 
used. Respiratory symbols must follow J 
Pappenheimer et al: Standardization of def- 
initions and symbols in respiratory physio- 
logy. Fed Proc 9:602-605, 1950. 


Drug names. Use generic names. Brand 
names, when used, appear in parentheses 
following generic names. 


Units of measurement. Use only terms 
approved by the International System of 
Units, e.g., metre, kilogram, and litre for, 
respectively, length, mass, and volume. Re- 
port concentrations and amounts of sub- 
stances in molar units (e.g. moles per litre) ; 
not in mass units (milligrams per cent) 
when feasible; when not feasible, give both. 
Report partial pressures in mm Hg or torr. 
See D S Young: Standardized reporting of 
laboratory data. N Engl J Med 290:368-373, 
1974. 


References. Start references on a new 
page. Number pages of references sequen- 
tially from the last page of the text. Include 
only references that are necessary. Check 
references to assure that each is correctly 
quoted and that titles (especially those in 
foreign languages), pagination, and year 
are accurate. Double space references. Use 
no single spacing. Type reference numbers 
in the text in parentheses as suprascripts 


(above the line of text). Number references 
in the order in which thev are cited except 
in review articles, where references may 
be arranged alphabetically. Abstracts are 
rarely acceptable references. Proceedings of 
and papers presented at meetings are never 
acceptable as references unless indexed in 
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sion be cited in a footnote as “personal com- 
munication.” Manuscripts submitted for 
publication or in preparation are not accept- 
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Medicus; cite all authors if 3 or less: if 
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Moore, DC, Mather, LE, Bridenbaugh, 
LD, et al: Arterial and venous plasma 
levels of bupivacaine following periph- 
eral nerve blocks. Anesth Analg 55:763- 
768, 1976 


Munson, ES, Embro, WJ: Enflurane, 
isoflurane, and halothane and isolated 
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indicate top edge. 
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INNOVAR injection as part of a technique 
of balanced anesthesia helps maintain good 
cardiovascular stability — of special value in 
protracted procedures and in geriatric, 

; poor-risk and markedly debilitated patients. 




















INNOVAR injection 
can facilitate management 
in a variety of surgical and 
diagnostic situations, such 
as “awake” endotracheal 
intubation...when patient 
.. cooperation during the 
OR procedure is necessary... 

* or when a difficult position 
must be maintained. 





A mainstay of modern anesthesia 











The two components of INNOVAR injection, fentanyl and droperidol, have 
different pharmacologic actions. Before administering INNOVAR injection, 
the user should familiarize himself with the special properties of each drug, 
particularly the widely differing durations of action. 






INDICATIONS INNOVAR injection is indicated to produce tranquilization and 
analgesia for surgical! and diagnostic procedures. It may be used as an anes- 
thetic premedication, for the induction of anesthesia, and as an adjunct in the 
maintenance of general and regional anesthesia. If the supptementation of 
analgesia is necessary, SUBLIMAZE® fentanyl injection alone, rather than the 
combination drug INNOVAR injection, should usually be used; see Dosage and 
Administration Section. 

CONTRAINDICATIONS INNOVAR injection is contraindicated in patients with 
known intolerance to either component. 

WARNINGS AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE 
CM INNOVAR INJECTION SHOULD HAVE APPROPRIATE SURVEIL- 
LANCE. 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE 
READILY AVAILABLE TO MANAGE APNEA. 

as discussion of narcotic antagonists in PRECAUTIONS and OVERDOS- 
AGE. 

FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPOTENSION 
SHOULD ALSO BE AVAILABLE. 

The respiratory depressant effect of narcotics persists longer than the measured 
analgesic effect. When used with INNOVAR injection, the tota! dose of all 
narcotic anaigesics administered shouid be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, be used in reduced doses ini- 
tially, as iow as 1/4 to 1/3 those usually recommended. 

INNOVAR injection may cause muscie rigidity, particularly involving the mus- 
cies of respiration. This effect is due to the fentanyl component and is related to 
the speed of injection. Its incidence can be reduced by the use of slow intrave- 
nous injection. Once the effect occurs, it is managed by the use of assisted or 
controlled respiration and, if necessary, by a neuromuscular blocking agent 
compatible with the patient's condition. 

Drug Dependence: Fentanyi, the narcotic analgesic component, can produce 
drug dependence of the morphine type and therefore has the potential for being 
abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported 
with narcotic analgesics. Since the safety of fentanyl in this regard has not been 
established, the use of INNOVAR injection or SUBLIMAZE (fentanyl) in patients 
who have received MAO inhibitors within 14 days is not recommended. 
Head Injuries and increased intracranial Pressure: INNOVAR injection 
should be used with caution in patients who may be particularly susceptible to 
respiratory depression such as comatose patients who have a head injury or 
brain tumor. in addition, INNOVAR injection may obscure the clinical course of 
patients with head injury. 

Usage in Children: The safety of INNOVAR injection in children younger than 
two years of age has not been established. 

Usage in Pregnancy: The safe use of INNOVAR injection has not been estab- 
lished with respect to possible adverse effects upon fetal development. There- 
fore, it should be used in women of childbearing potential only when, in the 
judgment of the physician, the potential benefits outweigh the possible hazards, 
There are insufficient data regarding placenta! transfer and fetal effects; there- 
fore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS The initial dose of INNOVAR injection shouid be appropriately 
reduced in elderly, debilitated and other poor-risk patients. The effect of the 
initi dose shouid be considered in determining incremental doses. 

Certain forms of conduction anesthesia. such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves, and 
can cause peripheral vasodilatation and hypotension because of sympathetic 
blockade. Through other mechanisms (see Actions), fentany! and droperidol 
also depress respiration and blood pressure. Therefore, when INNOVAR injec- 
tion is used to supplement these forms of anesthesia, the anesthetist must be 
familiar with the physiological alterations involved, and be prepared to manage 
them in the patients selected for this form of anesthesia. 

If hypotension occurs, the possibility of hypovolemia shouid be considered and 
managed with appropriate parenteral fluid therapy. Repositioning the patient to 


INNOVAR injection‘ 


improve venous return to the heart should be considered when operative condi- 
tions permit. It should be noted that in spinal and peridural anesthesia, tilting the 
patient into a head-down position may result in a higher level of anesthesia than 
is desirable, as well as impair venous return to the heart. Care should be 


exercised in the moving and positioning of patients because of a possibility of ^ 


orthostatic hypotension. If volume expansion with fluids plus these other coun- 
termeasures do not correct the hypotension, then the administration of pressor 
agents other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with INNOVAR 
injection due to the aipha-adrenergic blocking action of croperidol. 

The droperidol component of INNOVAR injection may decrease pulmonary 
arterial pressure. This fact should be considered by those who conduct diag- 
nostic or surgical procedures where interpretation of pulmonary arterial pres- 
sure measurements might determine final management of the patient. 

Vital signs should be monitored routinely. 

INNOVAR injection, and SUBLIMAZE (fentanyi), should be used with caution in 
patients with chronic obstructive pulmonary disease, patients with decreased 
respiratory reserve, and others with potentially compromised ventilation. In 
such patients narcotics may additionally decrease respiratory drive and in- 
crease airway resistance. During anesthesia this can be managed by assisted 
or controlled respiration. Postoperative respiratory depression caused by nar- 
cotic analgesics can be reversed by narcotic antagonists. Appropriate surveil- 
lance should be maintained because the duration of respiratory depression of 
doses of fentany! (as SUBLIMAZE (fentanyl) or INNOVAR) employed during 
anesthesia may be longer than the duration of the narcotic antagonist action. 
Consult individual prescribing information {levallorphan, nalorphine and 
naloxone) before employing narcotic antagonists. 

Should respiration be compromised by muscle rigidity, assisted or controlled 
respiration and possibly a neuromuscular blocking agent will be required. The 
occurrence of muscle rigidity is related to the speed of intravenous injection and 
the incidence can be reduced by slow intravenous injection. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) have additive or potentiating effects with INNOVAR injec- 
tion. When patients have received such drugs, the dose of INNOVAR injection 
required will be less than usual. Likewise, following the administration of IN- 
NOVAR injection, the dose of other CNS depressant drugs shouid be reduced. 
INNOVAR injection should be administered with caution to patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 

The fentanyl component may produce bradycardia, which may be treated with 
atropine; however, INNOVAR injection should be used with caution in patients 
with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring. it may be found thatthe EEG 
pattern returns to norma! stowly. 

ADVERSE REACTIONS The most common serious adverse reactions reported 
to occur with INNOVAR injection are respiratory depressicn, apnea, muscular 
rigidity, and hypotension: if these remain untreated, respiratory arrest, circula- 
tory depression or cardiac arrest could occur. 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed following administration of INNOVAR injection. Restiessness. 
hyperactivity and anxiety which can be either the resuit of inadequate tranquil- 
ization or part of the symptom complex of akathisia may occur. When ex- 
trapyramidal symptoms occur, they can usually be controlled with anti- 
Parkinson agents. 

Elevated blood pressure, with and without preexisting hypartension, has been 
reported following administration of INNOVAR injection. This might be due to 
unexplained alterations of sympathetic activily following large doses, however, 
it is also frequently attributed to anesthetic or surgical stimulation during tight 
anesthesia. 

Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, twitching, blurred vision, laryngospasm, bronchospasm, bradycar- 
dia, tachycardia, nausea and emesis, diaphoresis, emergence delirium and 
postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression). 

Postoperative drowsiness is also frequently reported. 


U.S. Patent No. 3,141,823 


(McNEIL) McNeil Laboratories, Inc. 


Fort Washington, Pa. 19034 
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Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 


Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a “mandatory” breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does no! 
have to "take over". The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 


At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventually mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often beena problem, particularly for infants, since their rates are rapid 
and their inspiratory impulses are slight. If synchronization is less than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under such circumstances, blood levels of CO, 
rise, as noted by Kirby and associates.’ 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to be hyperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs of neurological or metabloic disorders. 
Lowered muscle tone may impair venous return, and hence cardiac output. The effects of such drugs 
are particularly hard to predict in infants. 





Hyperventilation (often used to suppress spontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels of calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hypocarbia.' Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 


All of these pit-falls can be avoided by using continuous-flow IMV. 


Please request Form 3-MV. 


J. H. EMERSON COMPANY | 


CAMBRIDGE, MASSACHUSETTS 02140 





Thelocal that 

gives you the longest 
. . anesthesia 
gives your patient 


longer postoperative 









. Marcaine hydrochloride (brand of bupivacaine 
J hydrochloride) —availablewith or without epi- 
nephrine—is the local anesthetic that provides the 
longest duration of action among commonly used 
local anesthetics. Which minimizes the sus fos 
of *continuous" technique or repeat doses. 

Marcaine also provides longer postoperative 
analgesia. Which reduces the need for postoperative 
narcotics. 

And in data in over 3,000 patients, Marcaine was 
reported to have excellent or satisfactory results 
in more than 96% of cases. 








epinephrine, may be enough for up 
«Q9 32 * or more? hours of anesthesia 





analgesia that carries over into the eR. HRS 


Extended anesthesia for 
the surgeon 


In regional blocks, Marcaine, with 
or without epinephrine, usually 
provides anesthesia at least 1 1^ to 2 
times longer than lidocaine or 
mepivacaine. And approximately 
2046 longer than tetracaine. 

In fact, anesthesia may extend u p 
to 9 hours for peridural block and 
up to 12 hours for peripheral nerve 
block. This has been established zv 
in several thousand surgical and | 
obstetrical patients.' 

In fact, a single Marcaine epi- 
dural injection, with or without 


reduced likelihood of introd ucing 

infection since injections are less 

frequent.* 

Chart I 

Duration of anesthesia 

Percentage of patients experiencin g 
anesthetic effect— 
Comparison of Marcaine with 
epinephrine and other local 
anesthetic/ epinephrine preparations* 





% of patients experiencing anesthetic effect 
(at least six hours after injection) 






s Marcaine 96 pts. 
w Tetracaine 66 pts. 

» Mepivacaine 17 pts. 
æ Lidocaine 24 pts, 








or surgery, and often provides 2074, 
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Hours after injection 

"Equipotent doses used for bilateral, simultaneous 
blocks of sciatic/femoral, intercostal, or 
brachial/ axillary nerves. Adapted from Moore, 
D. C.: Data in the files of the Sterling-Winthrop 
Research Institute. 


recovery room and beyond. When 
necessary, doses may be repeated 
up to once every three hours. Cau- 
tion is advised in administration of 
repeat doses to patients with severe 
liver disease. Until further experi- 
ence is gained, total daily dose of 





for the patient 


Marcaine, with or without epineph- 
rine, gives your patient more—con- 
siderably more—postanesthetic 
analgesia than other local anes- 
thetics in various types of nerve 
block.**^* An analgesia that per- 
sists after the return of motor func- 
tion and even cutaneous sensation.’ 
As a result, you may be able to 
defer! and sometimes even elimi- 
nate,? postoperative narcotics. 
Chart Hl illustrates the average 
duration of time between the initial 
Marcaine injection and the need 
for postop analgesics. Many of the 
67 patients given Marcaine, with 
or without epinephrine, caudally for 
rectal surgery did not complain of 
pain for 1 I hours or longer follow- 
ing induction. 


400 mg. should not be exceeded nor 
is administration to children under 
12 recommended. Also see epi- 
nephrine warnings and precautions 
statements on next page. 

This longer anesthetic action can 
minimize problems of "continuous" 
technique or repeat doses. Thus, 
there is the further advantage of a 


Extended postoperative analgesia 


In another group of 40 patients? 
given Marcaine.or mepivacaine, 
both with epinephrine, locally for 
tonsillectomy, Marcaine pain relief 
lasted 3 to 5 times longer than that 
provided by mepivacaine. And ina 
study! of 65 patients given 0.5% 
Marcaine with epinephrine caudally 
for rectal or other perineal surgery, 
complete sensation returned in 
a mean of 812 hours for the average 
patient. And the majority of these 
patients did not require a narcotic foi 
an additional | to 3 hours. 


Chart H 





Hours from initial injection to first 
hypodermic for pain 
t Average—exclusion of extremes and failures. 
Adapted from Lund, EC.. er al: Anesth. Analg. 
49:103, Jan-Feb. 1976, 


Excellent clinical acceptance 





Marcaine, with or without epineph- 
rine, was administered to 3,112 
patients for various types of local 
anesthesia.? Of these patients, only 
2 experienced a systemic reaction. 
Although Marcaine has a very wide 
safety margin, adverse reactions 
characteristic of those associated 
with other amide local anesthetics 
may occur. 

Marcaine is indicated for most 
anesthetic blocks; however, until 
further clinical experience is gained, 
paracervical block is not recom- 


mended. 


See important product information concerning 
warnings, adverse reactions, patient selection, 
and prescribing and precautionary recommen- 
dations on next page. 


Extends the limits of time in anesthesia 
Extends the limits of time in postoperative analgesia**”* 






€ hydrochloride 
upivacaine hydrochloride 


with or without epinephrine 1:200,000 
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MARCAINE® Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, infil- 
tration, sympathetic block, caudal, or epi- 
dural block. 

Contraindication: Marcaine is contraindi- 
cated in patients with known hypersensi- 
tivity to it. ! 
Warnings: RESUSCITATIVE EQUIP- 
MENT AND DRUGS SHOULD BE 
READILY AVAILABLE WHEN ANY 
LOCAL ANESTHETIC IS USED. 
Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits 
and there is no evidence of harm to the 
animal fetus. The relevance to the human 
is not known. Safe use in pregnant women 
other than those in labor has not been 
established. 

Until further clinical experience ts gained, 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia fre- 
quently follows paracervical block with 
some amide-type local anesthetics and 
may be associated with fetal acidosis. 
Added risk appears to be present in pre- 
maturity, toxemia of pregnancy, and fetal 
distress. 

The obstetrician is warned that severe per- 
sistent hypertension may occur after ad- 
ministration of certain oxytocic drugs. if 
vasopressors have already been used dur- 
ing labor (e.g., in the local anesthetic solu- 
tion or to correct hypotension). 

Solutions containing a vasoconstrictor, 
particularly epinephrine or norepineph- 
rine, should be used with extreme caution 
in patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 
Local anesthetics which contain preserva- 
tives, i.e., those supplied in multiple dose 
vials, should not be used for caudal or epi- 
dural anesthesia. 

` Until further experience is gained in chil- 
dren younger than 12 years, administra- 
tion of Marcaine in this age group is not 
recommended. 

Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage. correct technique, adequate pre- 
cautions, and readiness for emergencies. 
The lowest dosage that gives effective 
anesthesia should be used in order to avoid 
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employed in patients during or following 
the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene. 
or other related agents. In deciding 
whether to use these products concur- 
rently in the same patient, the combined 
action of both agents upon the myocar- 
dium, the concentration and volume of 
vasoconstrictor used, and the time since 
injection, when applicable, should be 
taken into account. 

Caution is advised in administration of 
repeat doses of Marcaine to patients with 
severe liver disease. 

Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A 
major cause of adverse reactions to this 
group of drugs is excessive plasma levels, 
which may be due to overdosage, inad- 
vertent intravascular injection, or slow 
metabolic degradation. 

Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and 
the cardiovascular system. The central 
nervous system effects are characterized 
by excitation or depression. The first man- 
ifestation may be nervousness, dizziness, 
blurred vision, or tremors, followed by 
drowsiness, convulsions, unconsciousness, 
and possibly respiratory arrest. Since 
excitement may be transient or absent, the 
first manifestation may be drowsiness, 
sometimes merging into unconsciousness 
and respiratory arrest. Other central ner- 
vous system effects may be nausea, vomit- 
ing, chills, constriction of the pupils, or 
tinnitus. The cardiovascular manifesta- 
tions of excessive plasma levels may in- 
clude depression of the myocardium, 
blood pressure changes (usually hypoten- 
sion), and cardiac arrest. In obstetrics, 
cases of fetal bradycardia have occurred 
(see Warnings). 

Allergic reactions, which may be due to 
hypersensitivity, idiosyncrasy, or dimin- 
ished tolerance, are characterized by 
cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detec- 
tion of sensitivity by skin testing is of 
doubtful value. 

Reactions following epidural or caudal 


anesthesia also may include: high or total 
spinal block; urinary retention; fecal in- 
continence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower ex- 
tremities; headache and backache: and 
slowing of labor and increased incidence 
of forceps delivery. . 

Treatment of Reactions. Toxic effects of 
local anesthetics require symptomatic 
treatment; there is no specific cure. The 
physician should be prepared to maintain 
an airway and to support ventilation with 
oxygen and assisted or controlled respira- 
tion as required. Supportive treatment of 
the cardiovascular system includes intra- 
venous fluids and, when appropriate, 
vasopressors (preferably those that stimu- 
late the myocardium). Convulsions may 
be controlled with oxygen and intravenous 
administration, in small increments, of a 
barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thi- 
opental or thiamylal; if this is not avail- 
able, a short-acting barbiturate (e.g., seco- 
barbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by 
those familiar with their use. 

References: 1, Moore, D. C.. Bridenbaugh, L. D., 
Bridenbaugh, P O., er al.: Bupivacaine, a review 
of 2,077 cases, J.4. M.A. 2/4:713, Oct. 26, 1970. 
2. Moore, D. C., Bridenbaugh, L. D., Briden- 
baugh, P O., er al: Bupivacaine for peripheral 
nerve block: a comparison with mepivacaine, 
lidocaine and tetracaine, Anesthesiology 12:460, 
May 1970. 3. Hollman, A.: Axillary plexus block: 
a double-blind study of 59 cases using mepivacaine 
and LAC-43, Acta Anaesthesiol. Scand., Suppl. 
21:53, 1966. 4. Bromage, P R.: A comparison of 
bupivacaine and tetracaine in epidural anesthesia 
for surgery, Can. Anaesth. Soc. J. 16:37, Jan. 1969, 
5. Lund, P C., Cwik, J. C., and Vallesteros, E: 
Bupivacaine—a new long-acting local anesthetic 
agent, a preliminary clinical and laboratory report, 
Anesth, Analg. 49:103, Jan-Feb. 1970. 6 Wise, 
G. E: Guest Discussions, 4 nesth, Angalg. 49:113, 
Jan.-Feb. 1970. 7, Moore, D. C: Data in the files 
of the Sterling-Winthrop Research Institute. 

8. Puento-Egido, J. J., Dudeck, J., and Nolte, H.: 
The clinical use of the local anesthetic agent 


Marcaine (Carbostesin®), Anaesthesist 16:224, 
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Winthrop Research Institute. (1664MB) 
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patients and acutely ill patients should be 
given reduced doses commensurate with 
age and physical condition. 

Solutions containing a vasoconstrictor 
should be used cautiously in areas with 
limited blood supply, in the presence of 
diseases that may adversely affect the pa- 
tient's cardiovascular system, or in pa- 
tients with peripheral vascular disease. 
Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide- 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make 
each solution isotonic. 

*Solutions of Marcaine that contain epinephrine should not be autociaved. 

Federal jaw prohibits dispensing without a prescription, 


Extends the limits of time in anesthesia" 
145578 


Extends the limits of ons in postoperative analgesia 
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type local anesthetics. Brand of @ e e 
Serious dose-related cardiac arrhythmias e hydrochloride 

may occur if preparations containing a ; ] f : 

vasoconstrictor such as epinephrine are with or without epinephrine 1:200,000 : 
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CAUTION: Federal Law Prohibits Dispensing without Pre- 
scription. 


DESCRIPTION 
CTHRANE (enflurane) is a nonflammable inhalation anes- 
thetic agent. it is 2.chioro-1,1,2-trifluoroethyt difiuoromethyt 
ether. and its structural formula is: 


NE 
HAC O-C-H 
FF F 


The boiling point is 56.5°C at 760 mm Hg, and the vapor 
pressure (mm Hg) is 175 at 207C, 218 at 25°C, and 345 at 
36°C. The specific gravity (25^/25" C] is 1.517. The blood/gas 
coefficient is 1.91 at 37°C and the oil/gas coefficientis 98.5 at 
37°C. The MAC. (minimum alveolar concentration) in man 
is 1.68 percent in pure oxygen, 0.57 in 70% nitrous oxide and 
oxygen. and 1.17 in 3096 nitrous oxide and oxygen 

THRANE is a clear, colorless. stable liquid whose purity 
exceeds 99.9 percent. No chemical stabilizers are added 
since these are unnecessary to maintain stability even in the 
presence of ultraviolet light or strong base. ETHRANE does 
not decompose in contact with soda lime and does not attack 
aluminum, tin. brass, iron or copper. The partition coefficients 
of ETHRANE at 25°C are 74 in conductive rubber and 120 
in polyvinykchioride. ; 


ACTIONS 

ETHRANE (enflurane) is an inhalation anesthetic. Induction 
and recovery from anesthesia with. ETHRANE are rapid. 
ETHRANE has a mild, sweet odor. There is mild stimulus to 
salivation or tracheobronchial secretions when ETHRANE is 
used alone. Pharyngeal and laryngeal reflexes are readily 
obtunded. The level of anesthesia changes rapidly with 
ETHRANE, ETHRANE reduces ventilation as depth of anes- 
thesia increases. High pCO z levels can be obtained at deeper 
levels of anesthesia if ventilation is not supported. ETHRANE 
provokes a sigh response reminiscent of that seen with 
diethyl ether. 

There is a decrease in blood pressure with induction of 
anesthesia, followed by a return to near normal with surgical 
stimulation. Progressive increases in depth of anesthesia pro- 
duce corresponding increases in hypotension. Heart rate 
remains relatively constant without significant bradycardia. 
Electrocardiographic monitoring or recordings indicate that 
cardiac rhythm remains stable. Elevation of the carbon 
dioxide level in arterial blood does not alter cardiac rhythm. 

Studies in man indicate a considerable margin of safety in 
the administration of epinephrine containing solutions during 
ETHRANE anesthesia. ÉTHRANE anesthesia has been used 
in excision of pheochromocytoma in man without ventricular 
arrhythmias. On the basis of studies in patients anesthetized 
with ETHRANE and injected with epinephrine containing 
solutions to achieve hemostasis, up to 10 mi of 1:100,000 or 
1:200.000 epinephrine containing solution may be injected 
subcutaneously at a rate of not more than 10 m! per minute 
and no more than 30 mi per hour. All customary precautions 
in the use of vasoconstrictor substances should be observed. 

Muscle relaxation may be adequate for intra-abdominal 
operation at normal levels of anesthesia. Muscle relaxants 
may be used to achieve greater relaxation and alt common 
used muscle relaxants are compatible with ETHRANE. TH 
NONDEPOLARIZING MUSCLE RELAXANTS ARE POTEN- 
TIATED. in the normal 70 kg adult. 6 to 9 mg of d-tubocurarine 
or 1 to 1.5 mg of pancuronium will produce a 90 percent or 
greater depression of twitch height. Neostigmine does not 
reverse the direct effect of ETHRANE. 

Biotransformation of ÉTHRANE in man resultsin low levels 
of serum fluoride ions averaging 15 mM/L. These levels are 
well below the 50 mM/L threshold level which can produce 
minimal renal damage in normal subjects. however, it is pos- 
sible that these levels could result in damage in patients with 
severely impaired renal function or those undergoing renal 
transplantation. Depression, of lymphocyte transformation 
does not follow prolonged ETHRANE anesthesia in man in 
the absence of surgery. Thus ETHRANE does not depress 
this aspect of the immune response. 


l INDICATIONS 
ÉTHRANE (enflurane) may be used for induction and main- 
tenance of general anesthesia. Adequate data have not been 
developed to establish its application in obstetrical 
anesthesia. 


CONTRAINDICATIONS 
Seizure disorders (see WARNINGS). 
Known sensitivity to ETHRANE (enflurane) or other 
halogenated anesthetics. 


WARNINGS 
increasing depth of anesthesia with ETHRANE (enfiurane) 
. may produce a change in the electroencephalogram charac- 
terized by high voltage, fast frequency, progressing through 
spike-dome complexes alternating with periods of electrical 
silence to frank seizure activity. The latter may or may not 
be associated with motor movement. Motor activity, when 
encountered, generally consists of twitching or "jerks of var- 
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ious muscie groups: it is self-limiting and can be terminated 
by lowering the anesthetic concentration. This electroenceph- 
alographic pattern associated with deep anesthesia is 
exacerbated by low arterial carbon dioxide tension A reduc- 
tion in ventilation and anesthetic concentration usually suf- 
fices to eliminate seizure activity. Cerebral blood flow and 
metabolism studies in normal volunteers immediatel follow- 
ing seizure activity show no evidence of cerebral hypoxia. 
Mental function testing does not reveal any impairment of per- 
formance following prolonged ETHRANE anesthesia asso- 
ciated with or not associated with seizure activity. . 

Since levels of anesthesia may be altered easily and rapidly. 
only calibrated vaporizers which measure output with reason- 
able accuracy shouid be used. Hypotension and respiratory 
exchange can serve as a guide to anesthesia depth. Deep 
levels of anesthesia may produce marked hypotension and 
respiratory depression. 

The action of nondepolarizing relaxants is augmented by 
ETHRANE.Lessthan the usual amounts of these drugs shouid 
be used. lf the usual amounts of nondepolarizing relaxants 
are given, the time for recovery from myoneural blockade will 
be longer in the presence of THRANE than for other com- 
monty used anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been 
established. Reproduction studies have been performed in 
rats and rabbits, and there is no evidence of harm to the 
animal fetus. The relevance of these studies to the human is 
not known. Since there is no adequate experience in preg- 
nant women who have received the drug. safety in pregnancy 
has not been established. 


PRECAUTIONS 
Bromsulfalein (BSP) retention is mildly elevated post- 
operatively in some cases. This may relate to the effect of 
surgery since prolonged anesthesia (5 to 7 hours: in human 
volunteers does not result in BSP elevation. There is some 
eievation of glucose and white blood count intraoperatively. 
Glucose elevation should be considered in diabetic patients. 
ÉTHRANE (entiurane) should be used with caution in patients 
who by virtue of medical or drug history could be considered 
more susceptible to cortical stimulation produced by this 
drug. As with other general anesthetics and some muscie 
pniaxanio iiA has been observed with the use of 


ADVERSE REACTIONS 

1. Motor activity exemplified by movements of vari- 
ous muscie groups and/or seizures may be encountered with 
deep ievels of ETHRANE (enfiurane) anesthesia, or tight 
levels with hypocapnia. 

2. rupote nan and respiratory depression have been re- 
ported. 

3. Arrhythmias. shivering. nausea, and vomiting have been 
reported. 

4. Elevation of the white blood count has been observed. 


DOSAGE AND ADMINISTRATION 
The concentration of ÉTHRANE (enflurane) being delivered 
during anesthesia from a vaporizer should be known. This 
may be accomplished by using: | 

ai vaporizers calibrated specifically for ETHRANE, 

b) vaporizers from which delivered flows can easily and 

readily be calculated. 

Nothing is present in the agent to alter calibration or affect 
the operation characteristics of the vaporizer. 

Pre-anesthetic Medication: Pre-anesthetic medica- 
tion should be selected according to the need of the individual 
patient, taking into account that secretions are weakly stimu- 
lated by ETHRANE and the heart rate remains constant. The 
use of anti-cholinergic drugs is a matter of choice. 

induction: Induction may be achieved using ETHRANE 
alone with oxygen or in combination with Oxygen-nitrous 
oxide mixtures. Linder these conditions some excitement may 
be encountered. If excitement is to be avoided, a hypnotic 
dose of a short-acting barbiturate should be used to induce 
unconsciousness, followed by the ETHRANE mixture. in gen- 
eral, inspired concentrations of 3.5-4.5% ETHRANE produce 
surgical anesthesia in 7-10 minutes. 

aintenance: Surgical levels of anesthesia may be obtained 
with 1.5-3% ÉTHRANE. Maintenance concentrations should 
not exceed 3%. If added relaxation is required, supplementai 
doses of muscle relaxants may be used. Ventilation to main- 
tain the tension of carbon dioxide in arterial biood in the 
35-45 mm Hg range is preferred. Hyperventilation shouid be 
avoided in order to minimize possible CNS excitation. 

The level of blood pressure during maintenance is an in- 
verse function of ÉTHRANE concentration in the absence of 
other complicating problems. Excessive decreases (unless 
related to hypovolemia) may be due to depth of anesthesia 
and in such instances should be corrected by lightening the 
level of anesthesia. 

Overdosage: in the event of overdosage, or what may 
appear to be overdosage, the following action shouid 
be taken: 

Stop drug administration: establish that the airway is clear 

and initiate assisted or controlled ventilation with pure oxy- 

gen as circumstances dictate. 


PACKAGING 
ETHRANE (enfturane) is packaged in 125 and 250 mi amber 


colored bottles. 
E 
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VENTILATION 


:REVELATION... Model E 
Ventilation Monitor 


e NO MOVING PARTS 


* UNAFFECTED BY HUMIDITY, MOISTURE, 
GAS DENSITY, GAS COME on 
OR TEMPERATURE 


USAGE DURING SPONTANEOUS BREATHING, 
MECHANICAL — Aj? | 
ANESTHESIA 


ACCURATE MEASUREMENT OF TIDAL VOLUM 
MINUTE VOLUME BNO RESPIRATORY RATE 


EASILY REMOVABLE, RECHARGEABLE 
Eb PACK 


LIFE SYSTEMS DIVISION 


9335 DOUGLAS DRIVE, RIVERSIDE, CALIFORNIA 92503 
PHONE 714 781-5061, TWX 910-332- -1252, CABLE BOURNSINC. 


For Europe and Africa, Contact Bourns, AG Baarerstrasse 8 P.O. Box 331 6301 Zug, Switzerla d 








Vistaril I.M. (hydroxyzine HCl) helps allay 
the anxiety that may complicate premedication, 
induction and recov ery room emergence. 

It has no clinically significant depressant 
effects on respiratory or circulatory function 
and often reduces postoperative emesis. 

Vital signs are seldom impaired. Involuntary 
motor activity, including rare instances of 
tremor and convulsions, has been reported, 


iSlaril Liv. 


(hydroxyzine HCI) 


100 mg./2 ml., 50 mg./ ml. and 25 mg./ml. Vials and lsojects 


usually with higher than recommended dosage. 

And, because it may enhance the effect of 
injectable analgesics, requirements of narcotic 
and nonnarcotic analgesics, such as meperidine; 
morphine sulfate and pentazocine, should 
be reduced. 

Vistaril I.M. is physically compatible with 
most commonly used analgesics, and can be 
mixed with them in the same syringe. 

Alone, or as an adjunct for use with injectable 
analgesics, the maximum-recommended dosage 
of Vistaril I.M. is 100 mg. Because of Vistaril 
I.M.’s potentiating effect on narcotics, when 


it is used concomitantly with "Pfizer 


these agents, their dosages may be 


reduced as much as 50 per cent. LABORATORIES 
DIVISION 





Vislarilim. — 
(hydroxyzine HCl) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects* j 





Calm 
Before Anesthesia... In Recovery 





Brief Summary 
VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 
For Intramuscular Use Only 
Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 
Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central nervous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
ydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
geàteral thigh. In children, preferably the mid-lateral muscle of the thigh. 





In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in or 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be mace in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injectior™ 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitory 
and may disappear in a few days of continued therapy or upon dosage ~ 
reduction. Dryness of the mouth may occur with higher doses. Involun- 
tary motor activity, including rare instances cf tremor and convulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular Solution: 25 mg./ml.- 
10 mi. vial; 50 mg./ml.—2 ml. and 10 ml. vial: Isoject$, 25 mg./ml. and 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) 

VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 ml. vial) 


More detailed professional information available on request. 





LABORATORIES DIVISION : 


PFIZER INC. 


A——— 





VOLUME 56, No. 4, J ULY-AUGUST, 1977 


CLASSIFIED ADVERTISING 


INDIANA: Position available at Assistant Pro- 
fessor level in anesthesiology. Board certified 
or qualified. Duties include clinical and didactic 
instruction of residents and medical students; 
research; intensive care. Replies to be sent to: 
V. K. Stoelting, M.D., Professor and Chairman, 
Department of Anesthesiology, Indiana Univer- 
sity School of Medicine, 1100 West Michigan 
Street, Indianapolis, Indiana 46202. A non-dis- 
criminatory/affirmative action employer. 


—————— 


BOARD ELIGIBLE OR CERTIFIED ANES- 
THESIOLOGIST NEEDED by 42-bed Acute 
Hospital located in Lake Tahoe community of 
20,000. Contact: Joel E. Grey, Tahoe Forest 
Hospital, P.O. Box 759, Truckee, California 
95734. Tel: (916) 587-3541. 
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ACADEMIC ANESTHESIOLOGIST 
WANTED 









Anesthesiologist interested in career 
oriented Academic Anesthesiology — 
Board certified individual who wants 
warm climate. Resident teaching as 
well as Nurse Anesthetists and Medi- 
cal Student contact in large metro- 
politan city with low cost of living. 
Research and publication criteria not 
essential but available with experi- 
enced help and guidance. Salary and 
fringe competitive with private prac- 
tice. All sub-specialities available de- 
pending on experience. Rank and sal- 
ary commensurate with curriculum 
vitae. Send particulars with three ref- 
erences to: 






Roy D. Wilson, MD 
Department of Anesthesiology 
Baylor College of Medicine 
1200 Moursund Avenue 
Houston, Texas 77030 


Rates for classified advertising are $3.00 
per line. Classified Display vates on request. Copy deadline 6 weeks prior to publication. Do 


not submit payment with order; invoices 























CHIEF OF ANESTHESIOLOGY 


Major Midwestern medical center with a medi- 
cal school affiliation is seeking an outstanding 
Anesthesiologist to head the Department of 
Anesthesiology. This is an. immediate oppor- 
tunity to restructure and/or build upon our 
current team. 


Our compensation package is exceedingly at- 
tractive and the working conditions are excel- 
lent as a result of our recently completed, multi- 
million dollar expansion program. Please send 
curriculum vitae to: John D. Silbar, M.D., 
Chairman, Anesthesia Search Committee, Mount 
Sinai Medical Center, 950 North 12th Street, 
Milwaukee, Wisconsin 53233. e 


a 


ANESTHESIOLOGIST NEEDED: Hoag Me- 
morial Hospital Presbyterian, a major 470-bed, 
J.C.A.H. approved hospital in Newport Beach, 
California, desires to establish an OB Anesthe- 
sia Department. Details and specific arrange- 
ments are available for board certified/eligible 
physicians. Send curriculum vitae to: Michael 
D. Stephens, Administrator, 301 Newport Boule- 
vard, Box Y, Newport Beach, California 92633, 
or call (714) 645-8600. An Equal Opportunity 
Employer. 


———M——— 


Board certified or eligible anesthesiologist to 
join group in coastal California county teaching 
hospital with UCLA association. Excellent in- 
come — malpractice insurance provided. Con- 
tact: Leland L. Sprague, M.D. 3291 Loma Vista 
Road, Ventura, California 93003. (805) 648- 
6171, ext. 3664. 


——————— MÀ 


PEDIATRIC ANESTHESIOLOGY 
RESIDENCY 


Childrens Hospital of Los Angeles 
Three-phase program: Clinical, Academic, In- 


vestigative, emphasizing practical aspects of 
anesthesiology related to infants and chil- 


dren. 


AMA approval for third-year residency. Posi- 
tions available from two months to one year. 


Apply: George B. Lewis, Jr., M.D. 
Head, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 
Los Angeles, California 90054 


Phone (213) 660-2450, Ext. 2262 


per line, minimum 5 lines. Box nwmber ads $3.50 


will be sent for payment prior to publication. Ad 


copy, subject to acceptance by publisher, should be mailed to: Anesthesia and Analgesia . 
Current Researches, 3645 Werrensville Center Rd., Cleveland, Ohio 44122, 
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Update d^. 
STYLETTENJ 
tube guides 4 


@ NO LUBRICATION NEEDED. 
@OPTIMAL MALLEABILITY. 


@SAFE—STOPLOCK 
PREVENTS GUIDE 
FROM SLIPPING. 
COATING WON'T 
CHIP, CRACK OR PEEL. 





PEDILETTE — 
Pediatric/Neo-natal.E-T. tube guide. 
Sterile disposable, individually pack- 
aged. Fits all tubes from 2.0mm 


to 3.5mm. (cat. no. 500) P" 
DISP 
Lt 







box 


Adult E.T. tube guide. 

Sterile disposable, individually 
packaged. 
Fits all tubes from 3.5mm-to 
10.5mm. (cat. no. 1000) 


RE-USABLE 
Adult E.T. tube guide. 
Non-sterile bulk pack. 
Special coating permits repeat- 
ed sterilization by established . 


methods. 


Fits all tubes from Pat. Off. 
3.5mm to 10.5mm. 

(cat. no. 2000B) 

POLAMEDCO, INC. JA Literature 


(formerly P.O.L.A. AH A 
Plastics Co.) fF 
P.O. Box 2086, ~ 

Dept. D, Van Nuys, Ca. 91408 (213) 368-2002 


upon request 


ANESTHESIA and ANALGESIA . . 

























FOR MONOSCOPE 
MONITORING COMFORT 
CUSTOM EARPIECE 


Made From Your Own Ear Impression 


“Do It Yourself Impression Procedure" Proven 
At Many Hospitals Over Period of Several 
Years. 


Impression Kit and Full Instructions 
Complete With Postage Prepaid Mailer $1.00 
Lucite Custom Earmold With Coupler ..$8.50 


One Week Delivery. Full Guarantee. 
Full information upon request. 


PLASTICAST LABORATORIES, INC. 
711 Penn Ave. Pittsburgh, Pa. 15222 


Telephone: (412) 281-3357 


We will be at A.A.N.A. Convention, 
Hollywood, Florida, Booth 802. 


———— Ue——Á— U—— ——— 


52nd 
CONGRESS 


International 
Anesthesia Research Society 


MARCH 19-23, 1978 
THE SAN FRANCISCO HILTON HOTEL 
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Allergan Pharmaceuticale—Lacri-Lube? 0000000000000 (2) 
Applied Medical Research—Dinamap |... 00 00000 (53) 
Ayerst Laboratories—Fluothane® sss (8, (9), (10) 
Bourns, Inc.—Life Systems Div.—LS 75 Ventilation Monitor 0000 (45) 
Dupaco Incorporated—Nerve Stimulator |... (28) 
Dupaco Incorporated—Sterile AP uds a e LL e (52) 
J. H. Emerson Company—IMV Ventilator = sss (37) 
Endo Laboratories—Narcan® sss (24), (25), (26) 
Fenwal Laboratories—20 Micron Filter = 0 (199, (20), (21), (222) 
K&G Healthcare Industries, Inc—Nicholes 99 PEDE rci ect le Se (27) 
McNeil Laboratories—Immovar® |. sss (34), (35), (36) 
McNeil Laboratories—Sublimaze® = ss (12), (13), (14) 
Medsonics, Inc.—V ersatone® Doppler a ig cage es a (29) 
Merck Sharp & Dohme—Decadron® ee sts—<‘—sCS (16), (17) 
National Catheter Corp.—Hi-Lo® Tracheal Tube |... 0000000000000 (18) 
North American Drager—Narkomed o_o i ete Er (15) 
Ohio Medical Products—Ethrane® 00000 (41), (42), (43), (44) 
O'Neal, Jones & Feldman—Antilirium |... — (11) 
Pfizer LaboratoriesCVzszeril? LM. = sss (46), (47), (48) 
Plasticast Laboratories, Inc—Custom Earmold |... (50) 
Polamedco, Inc.—Slick'™) Stylette 000000000 (50) 
Schuemann Labs (Rals Laboratories Division )—Rals Power Unit ___————— (52) 
Siemens Corporation, Ventilator Products—Servo Ventilator |... (6), (7) 
.. Travenol Laboratories, Inc.—Epidzural VI D OERE ee AS. (54) 
Winthrop Laboratories—Marcazgme? |... (38), (39), (40) 
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The Dupaco Dispos- 
able Oral Airways are 
now sterile? and indivi- 
dually packaged. Both tare 
types, Berman and Guedel, TO o hi Write for brochure number 
are manufactured of pure ! TIE, 1577 for ordering information. 
polyethylene plastic with the by 
9 


size clearly marked on the bite block for instant * 
identification. Five sizes are available in the Berman 
design while six sizes are available in the Guedel. 


Final packaging is in lots of 10 only. 
«Radiation sterilized Post Office Box 98 San Marcos, Calif. 92069 
tin accordance with Z79.3-1974 


RALS POWER UNIT 


_. INSTANT ATOMIZATION FOR jaeT 
FAST TOPICAL ANESTHESIA {1 m 


Fast, measured topical anesthesia is ready at your s 
finger tips in a Rals Power Unit. Forget about pumping * 
bulbs, uneven atomization, and limited spraying dura- 
tion. The Rals Power Unit uses a non-toxic propellant, 
dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No's. 151, 152 and 163. Instantly, 
a fine mistlike spray is produced. A graduated solution 
vial is available for measuring the amount of solution 
administered. 

The Rals Power Unit has been proven effective in 
cocainization prior to endotracheal intubation, endo- 
scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rals Power Unit 4168 are supplied six to a box with 
adaptor top and metal base. illustration shows #152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERA TURE, PRICE LIST. 


RALS LABORATORIES DIVISION 







Operates DeVilbiss At 
Nos. 151, 152, 168 


With RALS Power Adaptor No. fe 
Pressure control of atomizer 9v* 
Non-toxic, pressurized af 


480 WEST AURORA ROAD + NORTHFIELD, OHIO 44067 
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inamap provides a new dimension in non-invasive 
automatic monitoring of arterial pressure. 


Pe plication Areas: 
ERATING ROOMS—Routine monitoring of all 
‘gical patients—hypertensive and hypotensive 


ery 
COVERY ROOMS—Automatic pressure 
veillance during the critical postoperative 


iod 
MF ENSIVE CARE UNIT—Critical patient monitor- 
of both adult and pediatric patients—pressure 
ynitoring during hypertensive and hypotensive 
—23nt administration 
WSSTETRICAL UNIT—High risk patient pressure 
Wenitoring—detection of hypotensive response to 
dural anesthesia—monitoring of labile pres- 
'es associated with C-sections 
NAL WARD—Aids in the detection and early 
atment of hypovolemic shock during 
nodialysis 
ERGENCY ROOM —Provides effective blood 
ssure measurements when other indirect 


systems fail or are difficult to manage 
BURN UNIT—Effective blood pressure trends on 
any limb and over dressings 


Dinamap Advantages: 

SIMPLE—No transducers—no coupling jelly—no 
electrical connection to patient 
ACCURATE—Proven clinically by comparison to 
direct arterial measurements 
VERSATILE—Operates effectively over a wide 
range of arterial pressures and physiological states 
AUTOMATIC—Requires no user adjustments for 
labile pressures, different cuff sizes or physio- 
logical conditions 

ADAPTABLE—Operates effectively on most any 
limb location and over garmerts or dressings 
STABLE—Not affected by electrosurgical equip- 
ment—no effect on ECG display 

SMALL—Easily located in OR, RR, ICU or other 
premium space areas 


Model No. 825 - Adult and Pediatric Model No. 827 - Neonatal 


, 


Applied Medical Research 
6B Columbia Drive, Tampa, FL 33606 (813) 251-8461 Telex 52658 
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* "Weprovidethehow - 
You provide the know-how - 


Selecting the righMdrug for continuous epidural anesthesia is 
- — your concern. Providing a good system to help you administer 
it is ours. That's why the TRAVENOL* Twin-Tray contains only 
the es$entials. 
l The component section has an all metal Tuohy needle, a 
5 ml ylass syringega. 19g radiopaque catheter, and a syringe 
with needles for the skin wheal or deeper infiltration. The tray 
^ also features a slip-on adapter that simplifies connecting 
<° catheter dìd syringe. And the drape andiitep section can be 
U easily removed, giving you the choice of mixing drugs first or 
; prepping first. All that's needed to complete our tray is your 
judgment in selecting drugs. 


Seé directions for use accompanying this product. 


TRAVENOL LABORATORIES, INC. 


MEDICAL PRODUCTS DIVISION 
DEERFIELD, ILLINOIS, US.A. 60015 
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TRAVENOL 
CONTINUOUS 








